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¥Abstract
After preliminary surveys during 1977-78 more or 
less regular samples were collected from the River Thames 
about 500 m south of the town centre at Kingston-upon- 
Thames, at approximately weekly intervals, throughout the 
growing seasons 1979-1981.
The taxonomic part of the investigation began with 
the separation of the centric diatoms into eighteen 
"types", (N.B. this term has no nomenclatural or taxonomic 
implication in this context), the cleaned frustules of 
which were visibly different when examined by light 
microscopy. An attempt has been made to correlate the 
observations obtained by light microscopy, stereoscan and 
transmission electron microscopy. Illustrations were 
prepared using the three methods to enable detailed 
comparisons to be made with descriptions in the literature 
Some of the "types" described can be referred to species 
of Cyclotella e.g. C. compta (Ehr.) Kutz. and C. meneghin- 
iana Kutz. Others, especially those referable to the 
genus Stephanodiscus, are much more debatable.
V The ecological aspects of the investigation involved 
a determination of the numbers of centric diatoms present 
at the various times and an attempt to correlate these 
data with such factors as weather conditions and nutrient 
availability. Data were obtained from the Meteorological
Office, the Thames Water Authority and the North Surrey 
Water Co. After cleaning, samples were examined by light 
microscopy to determine their composition in terms of the 
percentage of different "types". Estimates were made of 
the population size of each of these "types" of diatoms 
in the various samples, so that seasonal changes in 
populations could be assessed. Different seasonal 
behaviour of some of the visibly recognisable "types" of 
Stephanodiscus suggests that these "types" do represent 
forms which, whether or not they represent different taxa, 
are at least physiologically distinct.
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Chapter 1
Introduction
There has been comparatively little investigation of 
the centric diatom flora of British rivers. Fritsch
(1902) published a preliminary report on the phytoplankton 
of the Thames in which he drew attention to the lack of 
work on fresh water phytoplankton in England up to that 
time, and reviewed the relevant earlier continental work. 
Fritsch (1902, 1903) found diatoms to play an important 
part in the Thames phytoplankton, but these were mostly 
pennate, the only centric diatom apparently very common in 
his samples being Melosira granulata (Ehr.) Ralfs. The 
lack of centric diatoms was probably due to the collection 
method using a "net of fine gauze", the mesh of which was 
probably too coarse to trap the smaller centrics. Fritsch
(1903) made the first attempt in this country to investi­
gate, qualitatively in the Thames, the periodicity of river 
phytoplankton. This work was extended during the period 
1928-1932 by Rice (1938). Again, however, the 0.1 mm mesh 
net used would probably have failed to trap many of the 
centric diatoms though he described Cyclotella meneghiniana 
Kutz. as "rather common at Kew during one of the summer 
months" and Stephanodiscus hantzschii Grun. as "almost 
always present".
Other early work on river phytoplankton in Britain 
includes that of Fritsch (1905) in the River Trent at
Nottingham and the River Cam at Cambridge, Butcher (1924 , 
1931, 1932), referred to by Rice (1938), in the Rivers 
Wharfe, Lark and Tees, and Williams, (1950, 1954) , referred 
to by Swale (1964), in the River Dee near Chester.
The first quantitative estimates of phytoplankton 
density in a British river were made at regular intervals 
during the period 1957-1959 by Swale (1962, 1964) who 
studied the species composition of the River Lee in Hert­
fordshire. In Swale's study samples were concentrated by 
centrifugation before cells were counted in a haemocytometer, 
This technique retained the small centric diatoms and 
Stephanodiscus hantzschii Grun. was found to be the dominant 
planktonic alga in spring and summer, and the only species 
to show marked seasonal periodicity. Maxima occurred in 
spring and autumn. Seasonal variations in phytoplankton 
populations were compared with records of certain physical 
and chemical factors,, and it was shown that high population 
density of S. hantzschii could be related to periods of low 
rainfall. Later Swale (1969) compared the Severn and the 
Essex Stour with the Lee, again using a regular sampling 
programme. She found Cyclotella and Stephanodiseus to be 
the dominant algae in the spring and summer plytoplankton 
in both rivers. Swale expressed the hope that her work 
would "perhaps help to dispel the still prevalent opinion 
that phytoplankton does not occur in British rivers".
Between May 1966 and May 1968 Lack (1969, 1971) studied
the phytoplankton of the Thames at Reading at weekly 
intervals, and also that of its tributary the Kennet. 
Samples were concentrated by sedimentation and counted in 
a haemocytometer. Lack found that the most abundant dia­
toms, especially in the Thames, were centrics and that 
the dominant species was Stephanodiscus hantzschii Grun. 
Other centric diatoms present were Stephanodiscus tenuis 
Hust., Melosira spp and Cyclotella compta (Ehr.) Kutz.
Bowles and Quennell (1971) reported a detailed study 
of phytoplankton from eight sampling points along the 
Thames during March, April and May 1969. They found 
Cyclotella sp. and Stephanodiscus hantzschii to be the 
dominant spring flora.
During 1972 Moss (1981) studied the distribution and 
seasonal changes in the diatom flora of the River Wey where 
he found that Stephanodiscus hantzschii Grun. and related 
species formed a spring bloom, and that cells referred to 
Cyclotella increased in autumn.
The present study forms a development of earlier work, 
especially that of Swale and Lack, in that it represents 
an attempt to look in more detail at the seasonal period­
icity of species of Stephanodiscus and Cyclotella in the 
River Thames. Lack (1971) states that cells which had been 
killed and stained by the addition of Lugol's iodine and 
concentrated by sedimentation "were identified to species
wherever possible and counted in a modified Fuchs-Rosenthal 
haemocytometer". Small species of Stephanodiscus and 
Cyclotella are impossible to identify with any certainty 
when working with uncleaned material, and it therefore 
seems likely that the diatom populations referred to as
S. hantzschii Grun by both Swale (1962, 1964, 1969) and 
Lack (1971) may have included more than one species of 
centric diatoms. In the present study an attempt has been 
made to investigate this possibility.
Round (1970) used light microscopy, transmission and 
reflecting electron microscopy to investigate the differ­
ences between the genera Stephanodiscus and Cyclotella.
He concluded that there is a clear distinction between
these two genera, the major difference being seen in the
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internal face of the valve. Later Round (1982 )concluded 
that a new taxon at the generic level was necessary for 
certain species which have characteristics intermediate 
between Stephanodiscus and Cyclotella, and he proposed the 
new generic name Cyclostephanos. The distinction between 
Stephanodiscus and Cyclotella is upheld in the present 
investigation, and one species of Cyclostephanos is 
described.
Round (1981) has referred to the confusion surrounding 
the precise identification of species of Cyclotella and 
Stephanodiscus. He mentions "the numerous references in 
the literature to small centric diatoms often cited as the
10
major component of the biomass, especially in rivers".
The numerous forms of Stephanodiscus abundant and often 
dominant in the phytoplankton of rivers, lakes and reser­
voirs are particularly difficult to identify. This 
confusion Round considers to be due to the difficulty of 
distinguishing species by light microscopy, and he has 
emphasised the need for investigations by electron micro­
scopy, both S.E.M. and T.E.M., in the clarification of 
specific limits.
In the present study the small centric diatoms have 
been separated into "types" visibly distinct by light 
microscopy. (N.B. the word "type" has no taxonomic or 
nomenclatural significance in this context). The diatoms 
have also been studied by both T.E.M. and S.E.M. and 
attempts made to correlate the observations obtained using 
the three kinds of microscopy. In some cases, but not all, 
it has been possible to suggest to which accepted species 
a "type" is equivalent.
It has been possible to demonstrate that some of 
these "types" show different pattern^*of seasonal periodi­
city from others.
The River Thames is over 300 km long rising, 110 m 
above sea level, approximately 5 km south-west of Glouc­
ester and discharging into the North Sea. It has a catch­
ment area of almost 1 M ha containing approximately 4000 km
11
of rivers. (Kowalczwski and Lack 1971).
The upper parts of the river flow through farmland 
and occasional towns. Below Windsor much of the river 
bank is covered with small private estates and light 
industrial development. Domestic and industrial effluent 
from Oxford, Reading and Slough is discharged directly 
into the Thames, which also receives effluent from the 
London Airport area via the R. Colne and from the Guild­
ford area via the R. Wey. The Thames is extensively 
regulated by locks and weirs for flood control and naviga­
tion (Bowles, 1978).
The river rises in an area of Upper Jurassic Oolites, 
flows first over a band of Greensand and then over Chalk 
from approximately Wallingford to Maidenhead. At Slough 
the river passes over a narrow band of Reading Beds before 
entering the area of London Clay which underlies much of 
the rest of its course. Along the Thames Valley terraces 
of gravel and alluvium overlie the solid geological forma­
tions. East of London areas of Woolwich Beds and Chalk 
underlie the alluvium and gravel of the river terraces.
At Kingston the river is bordered by areas of brickearth 
and alluvium which overlie the London Clay. (Geol. Survey, 
1951 and 1957) .
The river is not tidal at Kingston which is just over 
3 km upstream from Teddington Weir. Sampling was carried
12
cout approximately 300 m upstream from the point at which 
the small River Hogsmill discharges the effluent from the 
local sewage works. Here the river is approximately 80 m 
wide and something over 2 m deep. A number of landing 
stages project into the river from a concrete embankment, 
and on the opposite bank is the towpath from Kingston to 
Hampton Court.
13
Chapter 2
Methods
Depth and water level
The depth of water at the end of the landing stage 
from which samples were collected was measured using a 
plumb-line marked at 10 cm intervals. The position of 
the water surface, i.e. the boundary between wet and dry 
string, between two marks was then measured with a ruler. 
The uneven nature of the river bottom, probably due to 
debris, meant that only an approximate depth measurement 
could be obtained.
Variations in water level were recorded by using the 
plumb-line to determine the distance of the water surface 
below a fixed point on the lower edge of the landing stage 
This distance could be measured with much greater accuracy 
than could the water depth.
Water Temperature
Water temperature was measured using a standard mer­
cury in glass thermometer marked in 1°C graduations. 
Temperatures were measured to the nearest 0.5^C.
The temperature of each water sample was measured 
immediately it had been taken from the river. This pro­
cedure was adopted because it was more convenient than
14
attempting to take the temperature of the river itself, 
particularly on those occasions when the water level was 
low.
Sample Collection
Samples were taken from a landing stage situated 
about 500 m south of Kingston town centre, map ref. 
TQ178698. The end of the landing stage, from which point 
samples were collected, is about 5 m from the bank of the 
river, and at this point the river is approximately 160 cm 
deep. A plastic container of approximately five litres 
capacity, attached to a length of string, was lowered into 
the river where it floated on its side until partially 
filled with water flowing in from the surface. When about 
three quarters full the weight was sufficient to allow the 
container to sink beneath the surface when lifted and 
lowered again in an upright position. This procedure 
ensured that part of the sample was collected from the 
region 10-20 cm below the water surface.
The work of Kowalezewski and Lack (1971) suggests 
that, due to the turbulence of the river, one such sample 
taken on each occasion can be regarded as representative. 
However, on two occasions three separate one litre samples 
were collected and the concentrations of diatoms in them 
compared. There were no significant differences in these 
triplicate samples (see Appendix 1, p.263).
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Concentration by sedimentation
During 1979 four one-litre samples were used on each 
occasion but later two litres were found to be sufficient 
and this quantity was used each time from 15/7/80.
The portion of each original sample, approximately 
one litre, remaining after the four (or two) litres had 
been measured out, was retained separately and similarly 
concentrated to a small, but not measured, volume. This 
material was then available for cleaning while leaving 
the main sample untouched until counts had been made.
Samples of water with formalin added, (20 ml/litre), 
were placed in 1 litre measuring cylinders and generally 
left to stand for at least four days. After standing most 
of the water was carefully decanted and the four (or two) 
samples, each of 100-200 ml, remaining in the cylinders 
mixed together in a flask and again left to stand. The 
process of décantation was repeated several times until 
the volume had been reduced to 15-20 ml, when it was 
finally reduced to 5 ml by pipetting out 10-15 ml of the 
remaining water. The resulting 5 ml sample was used for 
counting the number of centric diatoms present.
-1Determination of numbers of diatom cells ml
The numbers of discoidal celled centric diatoms, 
cells ml“ ,^ present in samples of uncleaned material were
16
determined using a haemocytometer of improved Neubauer 
design with a counting chamber depth of 0.1 mm. This was 
viewed at a magnification of 400x with a Vickers 14a 
microscope fitted with a binocular head and mechanical 
stage. Lund, Kipling and Le Cren (1958) refer to the 
difficulty of using haemocytometers for algal counts 
because of the relatively large size of some algal cells 
compared with those for which haemocytometers were 
designed. Jones (1979) considered haemocytometers to be 
suitable for cells 0.5yxm - 10jxm in diameter. As the 
majority of centric diatoms considered in this investiga­
tion were <  20yam in diameter, and many ^  lO^m, 
this method was considered adequate for the purpose.
2
In the majority of samples the whole 1 mm grid was
counted, but when the number of centric diatom cells in
the concentrated sample exceeded 5 x 10^ cells ml"^ only
2
a diagonal row of five 0.04 mm squares, i.e. a total 
2
area of 0.2 mm , was surveyed. The averages of two 
haemocytometer counts were calculated for each sample.
It has been assumed that a number of haemocytometer 
counts made on the same sample shows a Poisson distribution 
of the number of cells observed in the grid on each 
occasion. For a Poisson distribution the average together 
with its standard error can be represented by:
X  + I X  = average of counts
n
n = number of counts
17
provided that n5c %> 30 (Bailey, 1959) .
This expression was used for all but a few of the 
paired haemocytometer counts, only samples from early and 
late in the year having n5c •< 30. For these few 
samples the 0.95 confidence were taken from Fig. 2 in 
Lund, Kipling and Le Cren (1958). This treatment shows. 
Appendix 2 p.264, that although the concentration of cells 
ml"^ based on only two haemocytometer counts cannot be 
very precise it is nevertheless sufficiently reliable to 
indicate the changing concentration during the year and 
to enable comparisons to be made between different years.
Lund, Kipling and Le Cren (1958) point out that 
statistical procedures are only applicable to entities and 
not to their constituent parts, (e.g. to colonies but not 
to their cells), and discuss the sources of error involved 
in counting cells of colonial algae. They refer to the 
work of Holmes and Widrig (1956) on marine plankton in 
which counts of total cells (not colonies) appeared to 
result in very wide confidence limits. These points must 
be borne in mind when considering the populations of 
Melosira varians Ag. mentioned in the present investiga­
tion, during which no attempt was made to determine the 
average number of cells in filaments of Melosira varians 
Ag., nor to break these filaments into individual cells 
prior to counting. The numbers of M. varians cells 
recorded are total cell counts, which for the reasons
18
indicated above, can only be regarded as approximations 
of the M. varians population.
Cleaning of diatom frustules
Samples were cleaned using the permanganate method 
described by Hendey (1974), which appeared to give satis­
factory results.
A more gentle treatment involving bleaching in 
hydrogen peroxide, recommended by E. Y. Haworth (personal 
communication), was also tried. In this treatment the 
material is allowed to soak in 30% peroxide for several 
days. Initial results using this technique did not prove 
satisfactory and the method was therefore abandoned.
Light Microscopy Techniques
1. Mounting and examination
Samples of frustules were mounted in Naphrax 
Diatom Mountant, refractive index 1.74. A drop of 
distilled water containing the cleaned frustules was 
placed on a coverslip and allowed to dry on a warm 
hotplate. The coverslip was then lowered, specimen 
downwards, onto a small drop of Naphrax on a micro­
slide. The slide was warmed over a spirit burner 
until the Naphrax had bubbled for approximately 15 
secs. i.e. it was found necessary to heat for some­
what longer than the three seconds recommended by
19
the suppliers (see Appendix 3 p.273). The slide was 
then placed on a tile where it cooled quickly.
The mounted frustules were examined at a magni­
fication of lOOOx using a Wild M.20 microscope with 
xlOO oil immersion, phase contrast objective and a 
turquoise filter..
2. Photomicrography
Photographs were taken using the Wild M.20 
microscope with the xlOO oil immersion objective and 
phase contrast illumination, and using the camera 
attachment supplied with the microscope.
Both Ilford HP5 and FP4 films were tried, with 
various exposures and development times. However, 
in the limited time available for this aspect of the 
work, it was not possible to devise a really satis­
factory and reliable procedure.
3. Cell Measurement
Most cell measurements were made with the Wild 
M.20 microscope using the micrometer eyepiece 
supplied with the instrument. However, some measure­
ments of earlier samples were made using a Beck model 
47 microscope fitted with an eyepiece scale, as the 
Wild microscope did not become available until the
20
autumn of 1979.
Where possible 100 cells were measured, but 
when a particular diatom was present only in low 
numbers smaller samples had to suffice, although 
never fewer than thirty cells were measured. See 
Appendix 4 p.274).
4. Estimation of sample composition in terms of
relative frequencies of different diatom "types"
Naphrax mounts were viewed by phase contrast, 
oil immersion light microscopy. An area of each 
preparation was chosen where the frustule valves were 
reasonably well separated, and those valves which 
were clearly visible were allocated to previously 
determined categories or "types". A tally was kept 
of the number of valves of each "type" present in 
each field of view as the slide was scanned. This 
process was continued until a total of 100 valves had 
been reached for any one date sample, thus providing 
an estimate of the percentage frequency of each 
"type" in the sample. On occasion 200 valves were 
scored, but this appeared to make little difference 
to the percentage composition recorded, and counts of 
100 valves were judged to be adequate for the purpose,
t
Electron Microscopy
Material cleaned as above was washed several times in
21
double glass distilled water. For examination in the
transmission electron microscope (TEM), drops of diatom
suspension were allowed to dry on Formvar-coated "finder"
grids which had been carbon coated. Grids showing an
*
even distribution of diatoms when viewed with a light 
microscope were examined in a Philips EM 301 operated at 
80 KV with a 25 yu. m objective aperture.
For examination with the scanning electron micro­
scope (SEM)f drops of diatom suspension were allowed to 
dry on cover slips which were attached to stubs with 
silver dag then gold coated in a Polaron E 5000 sputter 
coater. The preparations were examined in a Cambridge 
S 600, operated with various spot sizes and accelerating 
voltages. Some specimens were examined with a Hitachi 
S-800 field emission gun SEM.
To correlate the microscopical results some grids 
were examined with the TEM then fixed to stubs with silver 
dag so that they stood on edge allowing both sides of the 
grid to be examined. They were gold coated using the 
sputter coater at 1 KV and 4 itiA current in pulses lasting 
1 minute separated by 1 minute cooling periods, the total 
gold coating time being 15 minutes. After examination in 
the* SEM the grids were mounted in Naphrax for light micro­
scopy.
22
Chapter 3
Taxonomic investigation of centric 
diatoms in the River Thames
Introduction
Centric diatoms, particularly those with small dis­
coidal cells, form the major component of the phytoplankton 
in the River Thames.
Round (1970) used light microscopy, transmission and 
reflecting electron microscopy to investigate differences 
between the genera Stephanodiscus and Cyclotella, and 
concluded that there is a clear distinction between these 
two genera. More recently Round (1981) has referred to the 
confusion surrounding the precise identification of species 
of Cyclotella and Stephanodiscus. He considers this 
confusion to be due to the difficulty of distinguishing 
species by light microscopy and has emphasised the need for 
electron microscopy, both S.E.M. and T.E.M., to be used in 
the investigation and clarification of specific limits.
In the present investigation centric diatoms have 
been separated into about twenty categories or "types" 
based on their appearance when examined by phase contrast, 
oil immersion, light microscopy. These are presented in 
summarised illustrations in Figures 3.1, 3.2 and 3.3.
(N.B. the word "type" has no nomenclatural or taxonomic
23
"Types” referable to Melosira:
iU i m
oo 
oo
lOpn
M.granulata lOpQ 
M.varians
"Types" referable to genera other than Melosira,
Cyclotella. Stephanodiscus or Cyclostephanos:
Ci
Thalassiosira sp 5pa
Coscinodiscus rothii
Pig. 3.1
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"Types” referable to Sterhanodiscus;
eoco
"SI”
1 0 ^
”S2”
0 0 Oo eOOO
coo
"S3" ”S4" ”S4a"
I I ”S6” ”S7
Fig.3.2
5)im
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"Types” referable to Steohanodiscus (cent.):
"S8" S9"
"Types" referable to Cyclotella and Cyclostephanos;
Cyclotella comnta Cyclotella meneghiniana
r»o'<too
Cyclotella pseudostelligera 
Pig. 3.3
Cyclostephanos dubius
5pi
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implication in this context). Although some of these 
"types" appear to be distinct, others intergrade, so that 
it is not always possible to decide to which "type" a 
particular frustule should be referred. Thus there seems 
to be no guarantee that "types" based on differences in 
appearance under the light microscope can be regarded as 
distinct biological taxa.
Attempts to correlate observations obtained by light 
microscopy with those obtained by electron microscopy, 
(T.E.M. and S.E.M.) suggest that, although the distinct­
ive appearances of some "types" under the light microscope 
are indicative of distinct taxa, a single apparent "type" 
may include two different variations when seen by electron 
microscopy, or two "types" which appear different by light 
microscopy may prove to be difficult to distinguish by 
electron microscopy.
In a few cases it has been possible to examine the 
same frustules first by transmission electron microscopy, 
then by S.E.M. and finally by light microscopy, but in 
most cases correlation has depended upon the comparative 
frequency of different "types" known to be present in 
particular samples.
It seems likely that with experience it would be 
possible to tell from T.E.M. observations which features 
could be expected to be visible with the light microscope.
27
as this visibility apparently depends on the thickness of 
the silica present. Thus the visibility of areolae with 
the light microscope depends more on the thickness of 
silica between them than on their diameter, and hyaline 
areas between fascicles may be visible as bright lines 
when no details of the fascicles themselves can be seen. 
Strutted processes and labiate processes are likely to 
appear as bright dots. For example, a species of 
Thalassiosira, which had been overlooked in the initial 
L.M. investigation, was first identified by T.E.M. and 
later recognised as having the expected appearance when 
the appropriate sample was re-examined by light micro­
scopy.
Descriptions of Diatoms
In the descriptions which follow cell diameters, and 
lengths in the case of Melosira, are given, to the nearest 
0.1^ m, as the range observed together with the mean jt 
standard deviation and followed, in parenthesis, by the 
95% confidence limits.
The terminology used is that of Ross et. al. (1979) . 
An abbreviated list of terms applicable to the present 
work is given below.
Frustule: the silica elements of the diatom cell wall.
28
Valve: one of two opposing distal plates, more or less
flattened or convex, of a diatom frustule.
Valve mantle: the marginal part of the valve different­
iated by slope, sometimes also by 
structure.
Valve face: the part of the valve surrounded by the
mantle.
Hyaline areas: areas where the basal siliceous layer is
not penetrated by areolae.
Costa: an elongated solid thickening of the valve.
Processes: projections with homogeneously silicified
walls.
Labiate process: a tube or an opening through the valve
(Rimoportule, wall with an internal flattened tube or
Ross and Sims,
longitudinal slit often surrounded by 
two lips.
Strutted process: a tube through the valve surrounded by
(Fultoportule, 2-5 chambers or pores (satellite pores
Ross and Sims,
1^72) or chambers) through the valve wall
separated internally by arched supports.
29
Spine: a closed or solid structure projecting out from
the surface of the frustule.
Girdle: part of the frustule between epivalve and hypo-
valve.
Fine structure of the siliceous cell wall:
Basal siliceous layer: the layer that forms the basic
structure of the various compon­
ents of the frustule.
Stria: a row of areolae or alveoli, or a single alveolus
where it is not part of a row.
Fascicle: a bundle of striae parallel to a radial stria.
Areola: the regularly repeated perforation through the
basal siliceous layer normally occluded by a 
velum.
Alveolus: an elongated chamber or one of a series of
elongated chambers running from the axial or 
central part of the valve to the margin, 
opening to the inside of the frustule by a 
large opening and with an areolate outer 
layer.
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Velum: a thin perforate layer of silica across an areola,
the perforations normally not less than 30 nm
across and often not circular.
Cribrum: a reticulate velum or one perforated by
regularly arranged pores.
"Types" referable to the genus Melosira
In the genus Melosira the cylindrical cells, normally
seen in girdle view, are usually linked to form long 
chains or filaments.
Two species have been observed in the River Thames, 
neither of them forming a major constituent of the phyto­
plankton at any time.
Melosira "Type M.l." =  Melosira varians Ag.
Although never a major component of plankton 
collected from the Thames, this diatom is not uncommon in 
the river. The cylindrical cells, joined in filaments, 
conform to published illustrations of M. varians Ag., 
e.g. those of Hustedt (1930), Pfitzer (1871) and 
Schroevers (1965), all included in the Fritsch collection. 
The cell measurements obtained during this investigation 
are length 17.7-30.8y^m, mean 25.5 ±  2.6yum (20.3-30.7^ m) 
and diameter 8.5-29.2 yu. m, mean 17.9 X 3.7yum (10.7-25.1^^) 
The ratio of length to diameter is in the range 0.9-2.3,
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with a mean value of lo5. The measurements given here 
differ from those in Huber-Pestalozzi (1942) in that the 
cells are longer, Huber-Pestalozzi quotes the diameter 
as 8-35yuim and the length (height) as only 9-13^  m.
By light microscopy. Figure 3.4a, frustules appear 
smooth with no visible pores. The frustules in a filament 
are not linked by teeth or spines visible by L.M., but 
there frequently appears to be some form of band between 
adjacent cells. In uncleaned material the chromatophores 
are frequently discoid. Figure %.4b, but some cells with 
irregularly lobed chromatophores have been observed during 
the present investigation. Figure 3.4c. Pfitzer (1871) 
illustrated stellately lobed chromatophores. Transmission 
electron microscopy. Figure 3.5a, shows the valve face 
perforated by a complex pattern of small pores.
The stereoscan electron micrograph. Figure 3.6a, 
shows the external surface of the valve to be granular, 
especially the valve face, with scattered pores visible 
on both the valve face and the mantle. Figure 3.6b shows 
a portion of the valve face at a higher magnification.
The nature of the granular surface is clearly demonstrated 
and two types of perforation are visible. The nature of 
these pores has not been determined. Figure 3.5b, 
illustrating the interior of a valve, does not show any 
distinctive features.
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10jim
Pig. 3.4 Melosira varians. drawings based on 
light microscopy.
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ma.
Pig. 3.5 Melosira varians a. T.E.M., showing valve 
face perforated by small pores, 
b. S.E.M. interior of valve.
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a.
b.
Pig. 3.6 Melosira varians a. S.E.M. exterior 
surface of valve, 
b. S.E.M. portion of valve face.
35
Melosira "Type M.2" ~  Melosira granulata (Ehr.) Ralfs
This diatom has been found only occasionally in the 
Thames, and the following description is based on material 
collected by J. H. Evans from Wraysbury Reservoir in 1974. 
The frustules in this sample appear to agree with illustra­
tions of Melosira granulata (Ehr.) Ralfs given by e.g. 
Hustedt (1930), Manguin (1949) and Popovskaya and Skabichev- 
skii (1970), all illustrated in the Fritsch collection.
The cylindrical cells which form filaments are usually 
seen in valve view. Figures 3.7 and 3.8. They are 19.2-
38.5 yu m in length, mean 29.5 jl 3.2yxm (23.2-35.8y4m) and 
3.1-12.3yum in diameter, mean 6.5 X 1.6yum (3 . 4-9 . 6yw. m) .
The ratio of length to diameter is in the range 2-9.5 with 
a mean value of 4.8. However, in the sample examined, 
some frustules appeared to have a smaller than average 
diameter. This group, about 17% of the total, were found 
to measure 22.3-30.8yum in length, mean 27.1 X 2.1 yu_m 
(23.0-31.lyum) and 3ol-3.8yum in diameter, mean 3.5 i O.4yU' 
(2. 8-4 . 3yM.m) . The length to diameter ratio of this group 
was 5.8-9.5 with a mean value of 7.5. In the remaining 
83% of the sample the length was 19.2-38.5yxm, mean 
30.0 1 3.2yum (23.8-36. 3yUm) , and the diameter 5.4-12.3yxm, 
mean 7.1 ± 0.9 yu m (5.4-8.9yum) . These frustules had a 
length to diameter ratio of only 2-5.7 with a mean of 4.2.
In cleaned material the valves of each frustule 
usually separate, but remain attached to the valves of
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Pig, 3.7 Melosira granulata. drawings based on 
light microscopy.
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MPig. 3.8 Melosira granulata a. Photomicrograph
b. S.E.M.
38
a.
b.
Pig. 3.9 Melosira jgyanulata S.E.M. separation 
valves.
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the adjacent cells in the filament. These valves appear 
to be linked by interlocking spines 2.5-13yui m long visible 
by light microscopy. Figure 3.7b. By light microscopy 
parallel rows of pores are clearly visible on the valve 
mantle. These rows may be straight. Figure 3.7b, or 
curved. Figure 3.7a and d. There are usually about 8 
pores in 10 yUL m, however pore size is variable even in a 
single filament, and in some frustules the pores are much 
finer than this. Figure 3.7c.
In the present investigation few observations of 
this species have been made using electron microscopy, 
but some S.E.M. illustrations are included in Figures 3.8 
and 3.9. The separation valve shown in Figure 3.9a is 
very similar to that illustrated by Haworth (1972), in 
the Fritsch collection.
Variation within M. granulata (Ehr.) Ralfs has been 
discussed by Florin (1970). Those frustules observed in 
the present study which have a smaller than average 
diameter appear to agree with published illustrations 
designated M. granulata var. angustissima, e.g. those of 
Hustedt (1930), Kilham and Kilham (1975) and Molder and 
Tynni (19 67) in the Fritsch collection.
"Types" referable to genera other than Stephanodiscus, 
Cyclostephanos or Melosira
Only two "types" of discoidal cell diatoms are
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described in this sub-section, neither of which is a 
quantitatively important constituent of the Thames phyto­
plankton. One has been identified as a species of 
Thalassiosira and the other as Coscinodiscus rothii (Ehr.) 
Grun.
Table 3.1
Species to which 
"type" apparently 
corresponds
Diameter
(observed
range)
"Type Tla" = 
Thalassiosira sp.
(See note 1 p.42)
7. 8-12 ,2 jxm
These frustules 
apparently corre­
spond to the 
species of Thala­
ssiosira referred 
to by Belcher and 
Swale (1977) as 
having been found 
in the R. Colne, 
Essex, and in the 
R. Thames at 
Medmenham.
"Type Tib" =
Thalassiosira 
fluviatilis Hust
(See note 2 p.42)
One S.E.M. illus­
tration of this 
species has been 
obtained. Moss 
(1981) found very 
occasional frust­
ules of this 
species in the R. 
Wey.
"Type Col" =
Coscinodiscus 
rothii (Ehr«)Grun
(See note 3 p.42)
2 0.7-34.6yim
This species has 
been recorded in 
reservoirs in the 
Thames Valley by 
McGill (1969) and 
Evans and McGill 
(1970)
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Supplementary notes concerning diatoms referable 
to genera other than Stephanodiscus, Cyclotella, 
Cyclostephanos or Melosira
Note 1. "Type Tla" Thalassiosira sp. in Belcher
and Swale (1977)
This species is now referred to 
T. guillardii Hasle, Belcher, personal 
communication, and Hasle (1978)
Note 2. "Type Tib" Thalassiosira fluviatilis
Hust.
Belcher and Swale (1979) use the 
name T. weissfologii (Grun.) Fryx. et Hasle 
for this species.
Note 3. "Type Col" Coscinodiscus rothii
(Ehrenb.) Grun.
On the basis of the discussion by Hasle 
(1977) this species has been referred to as 
Actinocyclus normanii (Greg.) Hust. by 
Belcher and Swale (1979)
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"Type T.la" =  Thalassiosira sp. (See note 1 p.42)
These frustules, which are not common in the Thames, 
are 7.8-12.2yum in diameter, mean 11.3 ± 1.0y/m (9.2-13.4 
yum), based on 30 valves. They were first recognised 
using transmission electron microscopy which showed them 
to be weakly silicified with a pattern of indefinite 
branching lines radiating from near the centre of the 
valve face. Figures 3.10b and 3.11a. Between these lines 
the valve is very finely perforated. There are 30-40 
processes, thought to be strutted processes, and probably 
one labiate process situated in the valve mantle, as well 
as one or two strutted processes towards the centre of the 
valve face.
Subsequently these frustules were recognised by light 
microscopy when they were actively sought in the appropriate 
sample. As expected from the T.E.M. observations, the 
frustules appear featureless by L.M. except for the 
marginal processes which show up as bright markings when 
viewed using phase contrast. Figure 3.10a. An S.E.M. 
illustration of an external view. Figure 3.11b, clearly 
confirms the features shown by T.E.M.
These frustules appear to correspond in size and 
appearance to those found by Belcher and Swale (1977) in 
the Ro Colne, Essex, and the Ro Thames at Medmenham, 
which they designated, Thalassiosira sp.
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a.
Pig, 3.10 Thalassiosira sp. a. Drawing based on 
light microscopy, b. T.E»M»
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a.
b.
Pig. 3.11 Thalassiosira sp. a. T.E.M, 
b. S.E.M. exterior of valve,
45
Pig. 3.12 Thalassiosira fluviatilis 
S.E.M. interior of valve.
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"Type T.lb” =  Thalassiosira fluviatilis Hust, (Note p,42)
The S.E.M. illustration of the interior of a valve 
shown in Figure 3.12b, appears to agree with the descrip­
tion of Thalassiosira fluviatilis Hust. given by Belcher 
and Swale (1977) and is very similar to the valve interior 
of this species illustrated by Helmke and Krieger (1974), 
tafel 732.
The marginal strutted processes, and those towards 
the centre of the valve, can be seen to be supported by 
four small satellite structures. One large marginal 
labiate process is visible.
"Type Co.1" =  Coscinodiscus rothii (Ehr.) Grun. (Note p.42)
Very few frustules referable to this species have 
been observed in samples from the Thames and the follow­
ing description is based on a sample of material collected 
by J. H. Evans at Wraysbury Reservoir in 1974.
The frustules are 20.7-34.6yi&m in diameter, mean
26.5 ± 3.6 jxm (19.4-33.6yu m) , and correspond to published 
illustrations designated C . rothii (Ehr.) Grun., e.g. that 
of Hustedt in Huber-Pestalozzi (1942) and Cleve-Euler 
(1951). By light microscopy. Figure 3.13, the disc­
shaped valves are seen to be perforated by clearly visible 
areolae forming a distinctive pattern of sectors of 
straight radial and sub-radial rows. The areolae are
47
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b.
Pig. 3.13 Coscinodiscus rothii a. Drawing based on 
light microscopy, b. Photomicrograph.
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Pig, 3.14 Coscinodiscus rothii, T.E.M
# #
b.
Pig. 3.15 Coscinodiscus rothii a. S.E.M. interior 
0Î valve.
b. Ditto showing two labiate processes.
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approximately O.SyUm diameter and about the same distance 
apart, i.e. 10 in 10yum. The central area of the valve, . 
2-2.5ymm diameter, may lack areolae or they may be less 
frequent. In valve view there appears to be a finely
striated margin. Six or seven structures are visible as
dots more or less evenly spaced around the periphery of 
the valve.
Transmission electronmicrographs have been obtained. 
Figure 3.14, but these do not appear to add any information 
to that obtained by light microscopy.
S.E.M. views of the interior of frustule valves.
Figure 3.15, show that the well spaced marginal structures 
visible with the light microscope are large labiate 
processes situated in the mantle. Figure 3.15a shows 
that the relatively shallow mantle is perforated by 
regular vertical rows of small areolae, about 20 rows in
10y&m. It is perhaps the merging of this mantle area with
the valve face which gives the appearance of a striated 
border to the valve face when seen by light microscopy. 
External views have not been obtained using S.E.M.
"Types” referable to the genus Stephanodiscus
Nine "types" are described here which correspond to 
the criteria for the genus Stephanodiseus as described by 
Round (1981). They are summarised in Table 3.2.
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Stephanodiscus "Type S.l"
Possibly g Stephanodiscus astraea (Ehr.) Grun 
(s. rotula (KÜtz) Hendey)
A diatom which was found in only very small numbers 
in the river appeared to be the same as that present in 
large numbers in a sample collected from Wraysbury Reser­
voir in 1974 by J. H. Evans. His material was therefore 
used in the preparation of the following description.
Comparatively large, disc-shaped cells with a dia­
meter of 24.6-47.7 yUm, mean 39.0 1 4.5 yum (30.3-47.8yum) , 
and, in girdle view, a depth of 7.7-15.4yum, mean 11.8 _f 
2.2 yUm (6.8-16.7 yxm). With the light microscope it can 
be seen that the surface of the valve is either convex or 
concave towards the centre, and each bears 30-40 marginal 
spines 2-3yum long, spaced irregularly approximately 1.5- 
4yum apart, Figures 3.16, 3,17a and b. There are areolae 
in radial striae approximately lyum apart, the striae 
frequently becoming double, to form fascicles, towards the 
periphery of the valve, especially in larger specimens.
The areolae are approximately 0.5y/m in diameter and about 
that distance apart in each radial stria. In girdle view 
two narrow ridges 1-1.5ymrn wide are visible, which 
presumably represent the edges of the girdle bands.
Figure 3.16b. The numerous chromatophores are two-lobed, 
5yum long and 3ylm broad. Figure 3.16a.
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Pig, 3.16 Stephanodiscus "Type SI", drawings 
based on light microscopy.
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Pig. 3.17 Stephanodiscus "Type SI"
a, & b.. Photomicrographs of same valve 
at different levels of focus.
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Pig. 3.17c Stephanodiscus "Type SI" 
S.E.M. exterior of valve.
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External views observed with S.E.M, confirm the 
frustule features seen by light microscopy. Figure 3.17c. 
They also show the presence of a strutted process 
situated beneath each spine. Figures 3.18 and 3.19, and a 
sparse inner ring of perhaps six strutted processes 
occurring only about 1/4 to 1/2 of the radius in from the 
spines. Figure 3.20. Between the spines the fascicles 
break up and the areolae are irregularly scattered in 
this region of transition from valve face to mantle. The 
mantle immediately below the strutted processes is a 
region of diagonal rows of smaller, more densely packed 
areolae. Figure 3.19. The mantle margins are overlapped 
by the girdle bands which appear to show faint parallel 
striations round the circumference. Figure 3.18. There 
is an unperforated zone forming the edge of the mantle 
which is covered by the girdle band. Figures 3.19b and 
3.20a.
The internal surface shows domed cribra covering the 
areolae. The marginal strutted processes are quite 
conspicuous, each with three satellite chambers. Figure 
3.20a and 3.21a and bo The inner strutted processes are 
inconspicuous, apparently replacing areolae in the striae, 
Each is supported by only two satellite chambers. Figures 
3.20b and 3.21c. Figure 3.20a shows what are possibly 
two labiate processes, but the presence of these has not 
been clearly demonstrated.
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i
Pig. 3.18 Stephanodiscus "Type SI" S.E.M. external 
views of frustules showing girdle bands.
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Pig. 3.19 Stephanodiscus "Type SI"
a. S.E.M. exterior of valve.
h. S.E.M. part of mantle of same valve as a.
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b.
Pig, 3.20 Stephanodiscus "Type SI"
81. Inner surface of valve,
b. Ditto at higher magnification to show 
inner ring of strutted processes.
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Pig, 3.21 Stephanodiscus "Type SI" a, S.E.M. internal 
surface, b. Higher magnification of marginal 
strutted processes, arrowed *A*. c. Higher 
magnification of an inner strutted process, 
arrowed *B*.
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No further information has been obtainable by T.E.M., 
Figure 3.2 2.
It was initially assumed that this was the species 
Stephanodiscus astraea (Ehr.) Grun. Round (1981) has 
given reasons for regarding this name as invalid and has 
suggested that it should be replaced by S. rotula (Kutz) 
Hendey for KÜtzing's original material. However he has 
since, (1982)^ stated that this name should not be used 
indiscriminately for forms previously ascribed to S . 
astraea.
It appears that Stephanodiscus "Type S.l" described 
here may not be S. rotula (Kutz) Hendey as, although 
other features of the frustule appear very similar to 
Round's description of KÜtzing's material, the inner ring 
of strutted processes is much less evident than that 
illustrated by Round. In his sample of S . rotula (Kutz) 
Hendey there appears to have been a larger number of 
strutted processes forming the inner ring, which is nearer 
to the centre of the valve than in the specimens here 
described. Round's illustrations make it clear that the 
strutted processes formed larger and more conspicuous 
structures on the inner surface of the valve than is the 
case in the present material.
Stephanodiscus "Type S.l" cannot be referred to 
S. niagarae Ehr. In "Type S.l" the mantle is not clearly
64
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Pig. 3.22 Stephanodiscus "Type SI" T.E.M.
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visible in valve view by light microscopy, as it is in 
S, niagarae. However, Theriot and Stoermer (1981) state 
that this is not an obvious distinction in smaller speci­
mens with diameters of 25-35yU.m. Although in "Type S.l" 
the fascicles are more or less paired between the spines, 
they are not regularly so, there being frequently three, 
or only one, between adjacent spines. The number of 
areolae between marginal strutted processes, 4 or 5, 
agrees more closely with Round's description of S. rotula 
(Kutz) Hendey than with S. niagarae Ehr. for which he 
gives 9-17, and the number of areolae between the strutted 
processes and the mantle edge agrees more closely with his 
description of 2-3 or 4 in S. rotula (Kutz) Hendey than 
5, 6 or 7 in S . niagarae Ehr.
The correct designation of Stephanodiscus "Type S.l" 
is thus in doubt. It appears to be very similar to S . 
rotula (Kutz) Hendey except for the inconspicuous nature 
of the inner ring of strutted processes. It seems clear, 
however, that this comparatively large and distinct 
diatom is that commonly referred to as S. astraea (Ehr.) 
Grun. in surveys of the River Thames, its tributaries and 
adjacent reservoirs. The S.E.M. illustrations in Figure 
3.18 resemble those given by Round (1982)^ as "Stephano­
discus sp. previously placed in S. astraea". His illus­
tration of a frustule from Queen Mary Reservoir shows 
particularly close resemblance to that illustrated here 
in Figure 3»18b.
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Stephanodiscus "Type S.2"
This is generally a much smaller diatom than "Type 
S.l" having a diameter 11.1-25.5yim, mean 17.0 t 3.4yxm 
(9.9-24 .Oy>Lm) . By light microscopy it has the appearance 
of a small form of the previously described "type" and 
was found in the river only in small numbers not exceeding 
5% of the centric diatoms present at any time. It has 
convex or concave undulating valve surfaces, the areolae 
at least sometimes becoming paired to form fascicles 
towards the valve margin, although this is hardly visible 
with the light microscope. Figures 3.23 and 3.24a and b. 
The spines are often irregularly spaced around the peri­
phery, Figure 3.24a and Figure 3.25a.
Stereoscan electron micrographs, Figure 3.24c and 
Figure 3.25a show domed cribra closing the areolae 
internally. Peripheral strutted processes are situated 
in the mantle below the spines, but are more regularly 
arranged, some of the spines being apparently unaccomp­
anied by strutted processes. Figure 3.25a. These peri­
pheral strutted processes have, as in "Type S.l", three 
satellite chambers surrounding the central tube. There 
is one further strutted process near the centre of the 
valve and this appears to have only two satellite 
chambers. A single, peripheral, labiate process has been 
observed.
67
o%o >oOO^
boctsilCVo.C
000' O ° o o ' -  
o® o 00 000(
.cAo
QOOQOV
L£p,
ù e 
0 o
5jjm
Pig. 3.23 Stephanodiscus "Type S2", drawings 
based on light microscopy.
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a. b.
c.
Pig. 3.24 Stephanodiscus "Type S2"
a. & t. thotomicrographs.
0. S.E.M.
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b.
Vie. 3.25 Stephanodiscus "Type S2" a. S.E.M. interior 
of valve, b. T.E.K. same valve as a.
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The areolae of the mantle are smaller than those of 
the valve face, Figure 3.24c, those immediately adjacent 
to each strutted process being somewhat elongated in 
shape and arranged in a radiating group surrounding the 
strutted process. A similar formation is illustrated for 
S. rotula (Kutz) Hendey by Round (1981) but has not been 
observed in the Stephanodiscus "Type S.l" already 
described. In Stephanodiscus "Type S.2", as in "Type 
S.l" the mantle has an unperforated edge which is, 
presumably, overlapped by the girdle band. Figure 3.24c.
Figure 3.25 shows S.E.M. and T.E.M. illustrations of 
the same frustule, which was also examined by light micro­
scopy, although it was not possible to obtain a satisfact­
ory photomicrograph. Thus for this frustule it has been 
possible to obtain direct correlation of the appearance 
with the three types of microscopy. Because, by light 
microscopy, this "type" has the appearance of a small form 
of "Type S.l" it seems likely that it is the diatom often 
referred to as S. astraea var. minutula (Kutz) Grun. 
Sreenivasa and Duthie (1975) gave drawings designated 
S. rotula (Kutz) Hendey var. minutula which look very like 
"Type S.2" as seen by L.M. However, Round (19 81) has 
given reasons for regarding the name S. astraea var. 
minutula (Kutz) Grun. as invalid, and has introduced the 
name S. minutula (Kutz) Round, for the small form in 
Kutzing's original material. The present "Type S.2" is 
not S. minutula (Kutz) Round as the valve mantle is too
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deep, and the marginal strutted processes are not widely 
enough separated, nor close enough to the mantle edge. 
"Type S.2" does show a much closer resemblance to the 
illustrations published by Hakansson (1976) and designated 
S. astraea (Ehr.) Grun. However, it is not possible to 
distinguish in these illustrations whether the frustules 
have one off-centre strutted process as in "Type S.2" or 
a sparse inner ring of them as in "Type S.l".
The correct designation of "Type S.2" thus remains 
in doubt, although it is probably the diatom often 
referred to as S. astraea var. minutula.
Stephanodiscus "Type S.3" (= S. minutula (Kutz) Round)
In a sample collected from Wraysbury Reservoir by 
J. K. Evans in 1974 small frustules have been observed 
with the S.E.M, which correspond to Round's (1981) 
description and illustrations of S. minutula (Kutz)
Round.
The diameter of these frustules is about 7.5 or 
8 yUm, more precise measurements have not been obtained 
because these frustules have not been reliably identified 
by light microscopy. At that magnification it has not 
appeared possible to distinguish them from small cells 
of Cyclostephanos dubius (Fricke) Round.
One of these frustules was viewed first by T.E.M.,
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b.
Fig. 3.25 a. Stephanodiscus "Type S2" T.E.M. valve 
shown in Pig. 3.25 at higher magnifica­
tion showin perforated cribra. 
b. Stephanodiscus "Type S3”,drawing based
op
n o
light microscopy.
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a.
b.
Fig, 3.27 Stephanodiscus "Type S3" a. T.E.M,
b. S.E.1(Î. same valve as a.
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then by S.E.M. and finally by L.M., Figure 3.27. It was 
not possible to photograph this frustule using light 
microscopy, due to the thickness of the gold coating on 
both the frustule and the supporting film on the grid, 
but a drawing was made based on this specimen. Figure 
3.2 6b. This shows the Cyclotella-like appearance by 
L.M., the areolae of the central region being visible as 
distinct, irregularly scattered, pores, while in the 
peripheral zone only the radiating hyaline areas between 
the fascicles can be distinguished, the areolae in this 
outer region being invisible at this level of magnifica­
tion .
By T.E.M., also, this frustule could easily be taken 
for a species of Cyclotella or Cyclostephanos, Figure 
3.27a. The change from single rows of areolae (striae) 
to fascicles of two to three striae is very abrupt, 
giving the appearance of a definite peripheral zone distinct 
from the central area. Figure 3.27b indicates the presence 
of a single off-centre strutted process, apparently with 
two satellite chambers. Figure 3.28a shows another 
frustule as seen by T.E.M. which was also later examined 
by L.M. (But not gold coated for S.E.M.) This illustration 
again shows thick hyaline rays between the fascicles, the 
shallow mantle and widely spaced strutted processes. By 
L.M. details were not clear, but the frustule had the 
appearance of a Cyclotella. The transmission electron 
micrograph shown in Figure 3.28b is also thought to
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Pig. 3.28 a. Stephanodiscus "Type S3” T.E.K,
b. Probably "Type S3" T.E.K.
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a.
b.
Fig. 3.29 Stephanodiscus "Type S3"
S.E.M. external surface of valve.
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represent Stephanodiscus "Type S.3", although the possi­
bility that this specimen was a frustule of a species of 
Cyclotella or Cyclostephanos has not been ruled out as the 
details of the valve mantle are not visible.
The external views by S.E.M. illustrated in Figure 
3.27c and Figure 3.29 show the frustules to have distinct 
elevations or depressions in the central area, where the 
areolae are more or less irregularly scattered. Moving 
away from this central zone the areolae are arranged first 
in single files or striae which become double, or some­
times treble, to form fascicles in the marginal region of 
the valve. Between these fascicles the hyaline rays are 
quite thick forming distinct radial ridges, each usually 
ending with a spine. Figure 3.27c shows some hyaline 
radial ridges apparently without spines, but it is not 
clear whether or not these have simply been broken off.
The mantle is shallow, 2 or 3 areolae deep, with areolae, 
about the same size as those of the fascicles, scattered 
more or less irregularly. There is a narrow, unperforated, 
margin to the mantle. The strutted processes are widely 
spaced, usually occurring beneath every fourth spine.
The shallow nature of the valve mantle means that the 
strutted processes are close to the spines and usually 
only one areola from the mantle edge.
Figure 3.30a shows an external view of an apparently 
aberrant cell of "Type S.3" with a double depression in
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Pig. 3.30 Stej^odiBcus "Type S3" S.E.ls. exterior
a. Atypical valve.
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a.
b.
Pig. 3.31 a. Stephanodiscus "Type S3" S.E.K., interior,
b. Possibly "Type S3" but centre of valve 
appears flat.
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the central area. This frustule has the girdle band 
still attached. The unperforated margin of the valve 
mantle appears to be wider than in the other specimens 
illustrated.
Figure 3.31 shows, (S.E.M.), the internal surface 
of a frustule. The widely-spaced marginal strutted 
processes can be distinguished and also the single off- 
centre strutted process. However, the structure of these 
strutted processes cannot be clearly seen. It appears 
that the hyaline rays between the fascicles are thickened 
to produce short ridges on the inner surface of the valve, 
giving a somewhat Cyclotella-like appearance. However, 
the nature of the small portion of mantle visible 
externally strongly suggests that this frustule is, in 
fact, Stephanodiscus "Type S.3".
Except for this internal thickening of the hyaline
rays, the description and S.E.M. illustrations given here 
agree closely with those given by Round (1981 and 1982^) 
as applying to S. minutula (Kutz) Round.
Stephanodiscus "Type S.4" (Possibly =  S. tenuis Hust.)
Although much more common in the Thames than any of 
the three preceding "types" Stephanodiscus "Type S.4" has 
not been observed to account for more than 15% of the 
centric diatoms present at any time during 1979-81.
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The cells have a diameter of 6.1-22.3yam, mean 
12.0 ± 2.1 yum (7. 8-16. 3yu m) . With the light microscope 
it can be seen that the valve surface is more or less 
flat with distinct striae of areolae near the valve 
centre. These become double or treble towards the valve 
margin forming wedge-shaped fascicles separated by 30-40 
hyaline rays which terminate in distinct marginal spines 
about 1.5yum apart. At the centre of the valve there is 
a more or less circular feature, about lyx.m diameter, 
consisting of a group of 5-8 areolae enclosed by an 
unperforated hyaline ring. Figure 3.32.
External views with the stereoscan electron micro­
scope, Figure 3.33, show that the marginal spines are 
about 1 yu m in length and that they project upwards at an 
angle to the valve. Situated beneath about half of these 
spines are tubular strutted processes. Although these 
tend to be associated with alternate spines this arrange­
ment is not absolutely regular. The strutted processes ' 
appear to be 7-9 areolae apart and about 4 areolae from 
the mantle edge. The areolae on the valve face are 
about 0.2-0.4yum diameter. The valve mantle below the 
spines is perforated by areolae only about 0.ly/m diameter 
There is an unperforated margin to the mantle.
Internal S.E.M. views. Figures 3.34b and 3.35, show 
that the central tube of each strutted process is 
accompanied by short, shoulder-like, satellite structures.
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a .
b. c.
Pig. 3.32 Stephanodiscus "Type S4" a. Drawing based 
on light microscopy, b. and c. Photomicro­
graphs .
.83
b.
Fig. 3.33 Stephanodiscus "Type S4" S.E.K*. exterior,
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b.
Pig. 3.34 Stephanodiscus "Type S4"
a. S.E.M. exterior of valve.
b. S.E.M, interior of valve.
85
a.
b.
Pig. 3.35 Stephanodiscus "Type S4" a. S.E.M. interior 
V. Detail of cribra at higher magnification.
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"End-on" views of strutted processes shown in Figure 3.36 
show that there are three satellite structures to each 
strutted process. One labiate process is present in a 
marginal position. There is no central strutted process. 
The areolae are covered by domed cribra details of which 
are shown in Figure 3.35b. Figure 3.34b shows a valve 
with forked spines. Figure 3.37 shows one valve in both 
S.E.M. and T.E.M. view.
Transmission electron micrographs, Figures 3.38,
3.39 and 3.40 indicate that these frustules are well 
silicified. It seems likely that these illustrations 
show different degrees of erosion. A distinct unperfor­
ated rim at the edge of the mantle is visible. In the 
majority of frustules examined, from a sample collected 
in 1978, there is no sign of perforated cribra closing 
the areolae. It seems likely that these frustules were 
eroded.
The appearance of the cells by L.M. seems to conform 
to that of Stephanodiscus tenuis Hust. as illustrated by 
Hustedt (1939) in Fritsch Collection and by S.E.M. to 
the illustrations of S. tenuis Hust. given by Hakanson 
(1976) . Drum (1969) shows electron micrographs of carbon 
replicas very like Stephanodiscus "Type S.4", with a small 
central group of four areolae. The areolae appear round 
in shape, the frustule well silicified between them.
Each fascicle is shown to be three or four areolae in
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a.
m
b.
Pig. 3.36 Stephanodiscus "Type S4" a. S.E.K. interior 
b. Ditto at higher magnification showing 
strutted processes each with three 
satellite structures.
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a.
b.
Pig. 3.37 Stephanodiscus "Type 54" a. S.E.M. interior 
t . T.E.M. same valve as a.
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a .
b.
Fig. 3.38 Stephanodiscus "Type S4" T.E.M..
a . Valve in which some cribra are visible
b. Valve in which cribra are absent, 
possibly due to erosion.
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b.
Fig. 3.39 Stephanodiscus "Type S4" T.E.M.
Wo cribra present, valves probably eroded
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Pig. 3.40 Stephanodiscus "Type S4" T.E.K..
Damaged and eroded valves.
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width at the circumference of the valve face. There 
appear to be processes beneath alternate spines, but none 
on the valve face. Drum designated these frustules as 
Stephanodiscus hantzschii.
Stephanodiscus "Type S.4a"
A small proportion of frustules appear similar, by 
L.M., to "Type S.4" in that the areolae are visible as 
distinct pores, but in which the areolae become much less 
regularly arranged towards the centre of the valve so that 
the hyaline lines between the fascicles lose their 
identity in this region. Figure 3.41. This difference is 
not absolute, however, and it is sometimes not clear to 
which of these "types" a particular frustule should be 
referred. Therefore, "Type S.4a" has been regarded as a 
variant of "Type S.4", and the clear delimitation of a 
central group of areolae visible by L.M. has been regarded 
as the distinguishing feature.
Electron micrographs which can be correlated with 
"Type S.4a" have not been obtained.
Stephanodiscus "Type 8.5" (Possibly 5  S. hantzschii
Grun.)
This type of frustule is very common in samples from 
the River Thames where it usually accounts for at least 
10% and frequently about 50% of the centric diatoms 
present.
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a.
b. c.
Fig. 3.41 Stephanodiscus "Type S4a" a. Drawing 
based on light microscopy, b. and c. 
Photomicrographs, the valve shown in c. 
appears intermediate between "S4" and "S4a"
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By light microscopy it is rather similar to "Type 
S.4", but areolae are not visible at this level of magni­
fication, Figures 3.42a, b and c. Cell diameter 6.7-20.0 
^ m ,  mean 11.8 1 2.0yum (7.9-15.6yum) . Valve surface 
more or less flat with a circular central feature approx­
imately 1yum in diameter, from which 40-50 radiating 
hyaline lines extend to the margin. Spines are situated 
at the marginal end of each of these lines.
Electron micrographs, both T.E.M., Figure 3.43, and 
S.E.M., Figure 3.44, show frustules, apparently belonging 
to "Type S.5", which are similar to, but less heavily 
silicified than, those of "Type S.4". The areolae are 
more angular in shape than those of "Type S.4" and are 
closed by perforated cribra. Peripheral strutted 
processes occur irregularly beneath each second or third 
spine, Figure 3.45a. The spacing of these strutted 
processes and their position in relation to the mantle 
edge are similar to those in "Type S. 4". As in "Type 
S.4" a central strutted process is absent. Figure 3.45b, 
the only available though poor, S.E.M. internal view 
indicates the structure of the strutted processes as 
similar to that of "Type S.4". One labiate process is 
visible. There is some indication that the plain margin 
to the mantle may be narrower than in "Type S.4", Figures 
3.43, 3.44a and 3.45a. However, this difference is not 
distinct enough to provide a clear criterion for separating 
the two, neither is the presence or absence of cribra a
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a.
b. c.
Pig. 3.42 Stephanodiscus "Type S5" a. Drawing based 
on light microscopy, b. and c. Photomicro­
graphs .
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a.
b.
Pig- 3-43 Stephanodiscus "Type S5" T.E.M.
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a.
b.
Pig. 3.44 Stephanodiscus "Type S5" S.E.M. showing 
somewhat angular shape of areolae.
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a .
Pig. 3.45  Stephanodiscus "Type S5"
a. S.E.M. exterior of valve.
b. S.E.M. interior showing strutted 
processes and one labiate process.
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clear distinction as in some specimens of "Type S.4" 
cribra, or their damaged remains,appear to be present.
Planas (1973) gave T.E.M. oblique views of valves 
very similar to Figure 3.43b and Figure 3.47b and 
designated them S. hantzschii.
Discussion of Possible Relationship between "Type S.4" 
and "Type S.5"
By light microscopy both "types" show a delimited 
central feature, "Type S.4" shows visible areolae but 
"Type S.5" does not. "Type S.5" usually appears to have 
a higher number of fascicles, separated by hyaline lines, 
than are present in "Type S.4".
Transmission electron-raicroscopy indicates much 
greater silicification of "Type S.4" frustules as 
compared with those of "Type S.5", the areolae of the 
former being more or less circular, whilst those of the 
latter are more angular and fit more closely together 
with narrower silica partitions between them. These 
observations have been confirmed by stereoscan electron- 
microscopy. Figures 3.44 and 3.46.
In most frustules this distinction between "Type S.4" 
and "Type S.5" is clearly shown by electron microscopy, 
but some valves apparently in an intermediate condition 
have been observed with both S.E.M., Figure 3.47a and
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b.
Pig. 3.46 Stephanodiscus "Type S4" S.E^ Jî.. showing 
greater silicification and more rounded 
areolae than in "Type S5".
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a .
M.
b.
Fig. 3.47 StephanodisciJLs valves apparently showing 
silicification between that of "Type S4" 
and "Type S5".
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b.
Pig. 3.48 a. Stephanodiscus valve apparently inter­
mediate between "Type S4" and "Type S5", 
but with forked spines. S.E.M.
b. Stephanodiscus valve with forked spines. 
T.E.M..
103
a.
b.
Pig. 3.49 T.E.M. Stephanodiscus valves apparently 
illustrating gradation in silicification
a. "Type S5” b. Intermediate between 
"Type S5" and "Type S4".
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b.
Pig. 3.50 T.E.M. Stephanodiscus valves, e. Probably 
"Type S4", silicification greater than in 
Pigure 3.49. b. "Type S4" with comparatively 
heavy silicification.
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a.
b.
?ig. 3.51 a* Three Stephanodiscus valves apparently 
showing different degrees of silicifica­
tion. b. See note on following page.
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Fig, 3.51 cont.
The grid was later mounted in Naphrax and 
the same three valves viewed by light 
microcopy, when they appeared as follows:
A. "Type S4" with areolae distinctly visible,
B. "Type S5" without visible areolae,
C. "Type S5" but intermediate in that the
areolae towards the centre radius) 
were partially visible.
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T.E.M., Figure 3.47b. Figure 3.48a also shows an inter­
mediate valve, but with forked spines, while Figure 3.48b 
shows a T.E.M. girdle view of a valve with forked spines. 
Figures 3.49 and 3.50 show valves by T.E.M., apparently 
showing graduation in silicification from "Type S.5" to 
"Type S.4".
In one case a T.E.M. grid was subsequently mounted 
in Naphrax and examined by light microscopy. A group of 
three frustules apparently showing different degrees of 
silicification by transmission electron microscopy, when 
viewed by light microscopy proved to have respectively the 
appearance of "Type S.4", "Type S.5" and "Type S.5" but 
with some areolae towards the centre just about visible. 
Figure 3.51. This suggests strongly that "Type S.4" and 
"Type S.5" merely represent points on a continuum of 
silica deposition such that the difference in silicification 
is sufficient to affect the appearance by light microscopy.
Stephanodiscus "Type S.6"
This type is usually found in the River Thames in only 
relatively small numbers, less than 10% of the centric 
diatoms present, but in July 1979 was the commonest "type" 
found when it accounted for about 40% of the centric 
diatoms present.
By light microscopy it can be seen that the cells have 
a diameter 5-15yum, mean 10.7 ± 1.2 ytm (8.3-13^m). The
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a.
Pig. 3.52 Stephanodiscus "Type S6"
a. Drawing based on light microscopy.
b. and 0. Photomicrographs.
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a.
&D
b.
Pig. 3.53 a. Stephanodiscus "Type S6" S.E.M. exterior
b. T.E.M. valve thought to belong to 
"Type S6".
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valve surface is more or less flat with areolae clearly 
visible, spirally arranged and fairly evenly spaced in a 
central area extending approximately one third of the 
diameter. In the outer region the areolae are arranged 
in striae which become paired to form fascicles separated 
by 25-30 radiating unperforated hyaline ridges, each of 
which terminates with a marginal spine. There is no 
clearly defined central feature as in "Type S.4", "Type 
S.5" and "Type S.8", Figure 3.52. Figure 3.53 shows 
S.E.M. and T.E.M. views of valves which appear to belong 
to this "type". However, so few observations have been 
obtained by electron microscopy that it is not possible, 
at present, to reach any conclusions about the identity 
of this "type" of Stephanodiscus, which is occasionally 
a quantitatively important constituent of the Thames 
phytoplankton.
Stephanodiscus "Type S.7"
This "type" has been observed in relatively small 
numbers in samples collected from the River Thames. The 
cells are small, diameter 5,5-ll.lyum, mean 6.9 1 0.8 yum, 
(5.2-8.5yum). With the light microscopy the valve surface 
appears more or less flat (although electron microscopy 
shows it to be somewhat undulate with a slight elevation 
or depression to the central area). L.M. shows a central 
area, extending about one third of the diameter, in which 
irregularly spaced areolae are visible* The distinguishing 
feature of this "type" is the pair of structures visible
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towards opposite edges of this central area, which appear 
as a light and a dark dot respectively. The outer zone 
of the valve shows about 25-30 radiating hyaline lines 
between which areolae are not visible with L.M., Figures 
3.54a and b. Each hyaline line apparently ends with a 
short spine, but these are difficult to distinguish.
S.E.M. observations have confirmed these features. Figure 
3.54d and Figure 3.55, and shown that there are areolae 
between the radiating lines, actually unperforated ridges, 
in the outer zone. Figures 3.55a and b suggest that the 
light and dark dots visible in the central area by L.M. 
represent a short process on one side and a hollow on the 
other.
Observations with T.E.M., Figures 3.56 and 3.57, 
appear to confirm those made with L.M. and S.E.M. showing 
a single off-centre strutted process apparently "balanced" 
by a thin patch in the silica off-centre on the opposite 
side. T.E.M. shows that between the hyaline ridges there 
are areolae grouped into fascicles two to three areolae 
wide at the valve margin. In Figure 3.57 the areolae in 
this outer region appear to interconnect by channels 
through the silica. These T.E.M. pictures indicate that 
distinct spines are borne at the ends of the hyaline 
ridges. There are 6-10 strutted processes which occur 
below approximately every third spine, although this 
arrangement is not completely regular. The mantle is 
shallow, only two or three areolae deep, these being
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d.
Fig. 3.54 Stephanodiscus "Type S7”
a. Drawing based on light microscopy.
b. and c. Photomicrographs, 
d. S.E.M.
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b.
Pig. 3.55 Stephanodiscus "Type S?"
S.E.M. exterior of valves.
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Fig. 3.56 T.E.M, Stephanodiscus "Type S7" showing 
off-centre strutted process "balanced" 
by thin area of silica off-centre on 
opposite side.
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a.
Pig. 3.57 T.E.M. Stephanodiscus "Type S7" showing 
areolae in outer zone of valve face 
apparently intercommunicating by channels 
through silica.
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approximately the same size as those in the fascicles at 
the edge of the valve face. The T.E.M.•illustrations in 
Figure 3,57 indicate a substantial unperforated rim to 
the mantle.
Figure 3.58 shows two S.E.M. pictures thought to 
represent Stephanodiscus "Type S.7". Figure 3.58a shows 
a valve in which the hyaline interfascicular regions 
appear to have partially coalesced between and around the 
areolae in a way which would explain the apparent inter­
connection of the areolae seen in Figure 3.57. The
central area in Figure 3.58a does not show a clear process
tower
and hollow, but towards the left hand side a strutted 
process is distinguishable from the areolae by the light 
rim round its pore. Opposite there is apparently an 
areola at the bottom of a small funnel-shaped depression. 
The valve shown in this illustration has the central area 
slightly raised^
The appearance of the valve illustrated in Figure 
3.58b is somewhat different as it does not show areolae 
in channels between the interfascicular ridges, although 
in one place there is a short channel joining two areolae. 
This valve has a central depression so the difference in 
appearance of the two valves may be connected with their 
complementary curvature. The "process and hollow" 
features cannot be demonstrated clearly in Figure 3.58b, 
although several areolae appear to be in slight depressions
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b.
Pig, 3.58 S.E.M. exterior of valves thought to be 
Stephanodiscus "Type S7".
118
and two off-centre strutted processes can possibly be 
distinguished. The apparently unusual feature of this 
valve is the shape of the marginal spines which appear to 
be flattened and laterally extended at the tips. Perhaps 
this difference of spine shape might also correlate with 
the curvature of the valves, and be a device helping to 
lock the valves together, but more evidence is needed 
about this. Both valves shown in Figure 3.58 have small 
granules on the surface of the mantle, and, to a lesser 
extent, between the areolae of the valve face.
Figure 3.59a shows a rather low magnification T.E.M. 
picture which appears to be Stephanodiscus "Type S.7", 
and Figure 3.59b an internal S.E.M. view of the same 
frustule. The central area is seen to be perforated by 
rather sparse and irregularly scattered areolae. There 
is one off-centre strutted process, the central tube of 
which is accompanied by two satellite structures, and on 
the opposite side of the central region there is an area 
where an areola appears to be "missing". Outside the 
central area the areolae are arranged in striae which 
become paired in fascicles towards the margin. There 
are ten marginal strutted processes, with 2-4 fascicles 
between them, and one labiate process. Figures 3.60a 
and b appear to show somewhat smaller frustules of the 
same "type". However, in Figure 3.60b the strutted 
process on the valve face is much further from the centre 
than in the other valves illustrated* The structure of
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Pig. 3.59 a. T.E.M. Stephanodiscus "Type 87".
b. S.E.M. interior of same valve as a
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Pig. 3.60 Stephanodiscus "Type S7". a. and b. S.E.M.
interior of two valves apparently similar 
to Pigure 3.59. In b. the valve-face 
sti*utted process is closer to the valve 
margin than in most specimens.
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this strutted process is here clearly shown, a thick 
walled central tube with two crescent shaped satellite 
structures. The marginal strutted processes have similar 
satellite structures of which only two are visible in 
each case, but their position suggests that there is a 
third behind each strutted process, as in other Stephano­
discus "types". The two-lipped structure of the labiate 
process is clearly illustrated. The labiate process is 
a short distance from the mantle margin, whereas the 
strutted processes appear to be much closer to, if not 
actually at, the margin. The mantle can be seen to be 
very thick at the edge, apparently with a narrow rim 
around the circumference, This rim appears to be visible 
in Figure 3.58 also. The areolae are seen to be covered
by domed, perforated, cribra.
Only one illustration has been traced in the litera­
ture (Fritsch Collection) which clearly shows the features
here described, that of Helmke and Krieger (1974) tafel 
754, designated Stephanodiscus spec. However, Kalbe 
(1973) figures S. hantzschii var. pusillus Grun. which 
appears very similar to "Type S.7" as seen by light micro­
scopy. Hakansson (1976) gives a T.E.M. picture designated 
S. hantzschii Grun. which shows a similar arrangement of 
areolae and fultoportules to "Type S.7", but which appears 
to be much less well silicified than any of the frustules 
of the latter illustrated here.
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Stephanodiscus "Type S.8" (? =  Stephanodiscus invisit-
atus Hohn and Hellerman)
This "type" is fairly common in the River Thames 
frequently accounting for 10-20% of the centric diatoms 
and reaching 50% in May 1980.
The cell diameter is in the range 5.5-ll.lyum, mean 
8.3 i l.Oyum. (5.9-10.4yu m). The valve surface is more 
or less flat. With the light microscope no areolae or 
spines are visible, but there is an outer zone of about 
50 radiating lines approximately O.Syum apart (16-20 in 
10yum) extending 1.5-2 yum inwards from the margin. A 
circular central feature 1yum diameter is usually clearly 
visible. Figure 3.61.
By L.M. this looks rather like a small, very weakly 
silicified form of "Type S.5", but with the hyaline rays 
between the fascicles more closely spaced.
A form observed with the transmission electron micro­
scope, Figures 3.62 and 3.63, and thought to correlate 
with "Type S.8", has about ten marginal strutted processes. 
Figure 3.62b may show a labiate process, arrowed. There 
is also one strutted process close to a clearly delimited 
central group of 6 or 7 areolae. Distinct spines have not 
been observed by T.E.M. although Figure 3.63b suggests that 
this may be because they have been broken off. In the 
central part of the valve, about half the diameter, the
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Fig. 3.61 Stephanodiscus "T\p>e S8"
a. Drawing based on light microscopy.
b. and c. Photomicrographs.
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Pig. 3.62 Stephanodiscus "Type S8" T.E.M.
t. Shows possible labiate process (arrowed)
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Fig. 3.63 Stephanodiscus "Type S8" T.E.M,
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areolae are arranged in striae which fork and increase in 
niiinber towards the outer region of this inner area. About 
half-way along the radius the areolae have become paired 
to form more or less parallel sided fascicles, the hyaline 
areas between which increase in width towards the valve 
margin. As the valve surface merges with the mantle the 
interfascicular hyaline bands appear to fork more or less 
dichotomously amongst the mantle areolae, the fascicles of 
the valve face apparently tapering, as they merge with the 
mantle, to become a single row of mantle areolae. This 
produces an appearance very different from that observed 
for any of the other "types" so far referrable to Stephano­
discus .
These frustules observed by T.E.M. are thought to be 
the "Type S.8" seen by L.M. because of the weakly silici- 
fied divisions between the areolae in the fasicles which 
suggest that the individual areolae would be unlikely to 
appear as distinct pores with the light microscope, (cf. 
discussion of possible relationship between "Type S.4" 
and "Type S.5"). The hyaline rays between the fascicles
appear to be wide enough, and well enough silicified, to
be visible with L.M., at least towards the valve margin. 
They are of about the same spacing as the radiating
marginal lines seen with L.M. The clearly delimited
central group of 6 or 7 areolae would correlate with the 
central feature visible by light microscopy, but the 
strutted process near the centre is apparently not visible 
by L.M.
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Figure 3.64 shows two S.E.M. views of the inner 
surface. In Figure 3.64a the structure of the off-centre 
strutted process shows as a thick walled central tube with 
two crescent shaped satellite structures. The arrangement 
of the areolae is recognisably the same as in the T.E.M. 
pictures in Figure 3.62 and Figure 3.63. Unlike other 
"types" so far described the cribra are not domed but 
flat, and slightly sunken below the surrounding silica 
surface. Figure 3.64b shows the structure of the marginal 
strutted processes to be much the same as that of the 
isolated one on the valve face, having only two satellite 
structures, not three as in other Stephanodiscus "types". 
Figure 3.65a shows an oblique view and also confirms the 
presence of a labiate process as suggested by T.E.M. The 
regular arrangement of mantle areolae in vertical rows is 
shown, and there appears to be a somewhat thickened 
unperforated margin at the mantle edge. Spines of an 
unusual shape appear to be present. They are somewhat 
wedge-shaped, widening from base to tip.
The transmission electron micrographs show close 
agreement with most of the illustrations of Stephanodiscus 
invisitatus Hohn and Hellerman, given by Lowe and Crang 
(19 72) , although the two smaller cells which they illus­
trate do not show the delimited central group of areolae. 
They suggest that by L.M. S. invisitatus can best be 
recognised by its size, 6.4-13.3yum with most cells in the 
8-9yx m range, and its striae count 16-20 in 10^m. They
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J Pig. 3.64
b.
Stephanodiscus "Type S8". S.E.K. showing 
structure of strutted processes, and 
flat,not domed, cribra.
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b.
Pig. 3.65 Stephanodiscus "Type S8". S.E.M.
a. Siiowing labiate process and wedge shaped 
spines.
b. External surface of valve.
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also state that "the eccentric pore is not apparent 
under the light microscope. The present "type" would 
seem to agree closely with this. However, the appearance 
of "Type S.8" by light microscopy does not agree with the 
original description of S. invisitatus given by Hohn and 
Hellerman who were able to observe fine pores by L.M.
Kolbe (1948) in Fritsch Collection, has a T.E.M. 
illustration designated S. binderanus (Kutz) Krieger which 
shows fascicles having an appearance very similar to those 
of the present "type" and of S. invisitatus illustrated by 
Lowe and Crang.
Round (1981) in his discussion of the characteristic 
features of the genus Stephanodiscus refers to the cribra 
as small domes. In the present "type" they are flat and 
slightly sunken. In all the other Stephanodiscus "types" 
here described the marginal strutted processes apparently 
have three, not two, satellite structures. It may there­
fore be suggested that this "type" is not, in fact, 
referable to the genus Stephanodiscus.
Stephanodiscus "Type S.9"
Some samples from the River Thames have included 
small cells, diameter 4.4-6o7yu.m, mean 5.3 t 0.6 
(4o2-6.5yUm), which have little detail visible by light 
microscopy. There is an outer zone of radiating hyaline 
lines, some of which, more or less regularly spaced, show
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up more distinctly. There is also an off-centre process 
showing up as a bright spot. Figure 3.66.
The transmission electron microscope shows, Figure 
3.67, small, weakly silicified frustules resembling a 
small form of "Type S.8", but without the delimited 
central group of areolae. The shapes of the fascicles 
and interfascicular hyaline bands are similar to those 
of "Type S.8", as is the way the hyaline bands appear 
to break as they merge with the valve mantle. As in 
"Type S.8" it is not possible to distinguish distinct 
spines in T.E.M. There are usually six more or less 
regularly arranged marginal strutted processes which 
would correlate with the more distinct visibility of 
certain radial lines by light microscopy. It is also 
possible to distinguish a structure which may be a single 
marginal labiate process, arrowed in Figure 3.67b.
Figure 3.68a is an internal view, (S.E.M.), of a 
valve which again shows a strong similarity to "Type S.8" 
The off-centre and, in this specimen, five marginal 
strutted processes have the same structure as in the 
previous "type", and again the cribra are flat and 
slightly sunken. The existence of a labiate process is 
not definitely confirmed, but a structure is visible 
which may be a labiate process, (arrowed). The mantle 
appears to be covered with a number of short, spine-like 
processes. Figure 3.68b shows the off-centre strutted
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Pig. 3.66 Stephanodiscus "Type S9"
a. Drawing based on light microscopy
b. and c. Photomicrographs.
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Pig. 3.67 Stephanodiscus "Type S9". T.E.M.
a. Two valves "back to back".
b. Showing probable labiate process (arrowed)
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Fig. 3.68 Stephanodiscus "Type S9". a. S.E.K. interior 
with possible labiate process arrowed, 
b. Higher magnification of strutted process.
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process and a number of cribra at higher magnification.
Figure 3.69 is an external, (S.E.M.), view. This 
shows the marginal strutted processes visible externally 
as short, tubular structures, whereas the one on the 
valve face does not extend externally in this manner, 
but is visible as a distinct pore with an apparent rim 
around it. The cribra closing the areolae are clearly 
visible, suggesting that the frustule is very thin so 
that the cribra are close to the external, as well as 
the internal, surface.
At the point where the valve face merges with the 
mantle there are irregularly shaped spines which expand 
laterally at their tips. These are situated at the end 
of each interfascicular hyaline band. The mantle is 
perforated by irregularly scattered areolae, and has an 
unperforated and somewhat thickened marginal rim.
Between the areolae the mantle bears numerous small 
spines and granules. The valve face also bears a number 
of granules between the areolae.
By L.Mc these frustules show a resemblance to 
Hustedt's (1938) illustration and description of Cyclo- 
tella atomus Bust, given in Huber-Pestalozzi (1942), 
although the single process is frequently nearer the 
centre of the frustule than is indicated there. However, 
the appearance of these frustules by T.E.M. and S.E.M.
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Pig. 3.69 Stephanodiscus "Type S9" a. S.E.M. exterior.
t. Higher magnification showing perforated 
cribra visible on external surface.
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is quite different from that illustrated for C. atomus 
by Lowe (1975). It seems unlikely that "Type S.9" 
could reliably be distinguished from C. atomus by L. M. 
alone.
The similarity of the transmission electron micro­
graphs to those of "Type S.8" is emphasised by their 
close resemblance also to the two smaller specimens 
illustrated by Lowe and Crang (1972) as S. invisitatus 
Hohn and Hellerman. However, comparison of S.E.M., 
Figure 3.65 with Figure 3.69, suggests marked differ­
ences between the valve mantles of "Type S.8" and 
"Type S.9". The mantle of "Type S.8" appears to be much 
deeper, about 6 areolae above the thickened rim. The 
mantle areolae of "Type S.9" are much less regularly 
arranged than those of "Type S.8", and the latter 
apparently lacks the mantle spines and granules of 
"Type 5.9".
If the electronmicrographs have been correctly 
correlated with the frustules observed with the light 
microscope there is a distinct difference of appearance 
between "Type S.8" and "Type 8.9" at the latter level of 
magnification.
It seems likely that "Type S.8" and "Type S.9' 
represent different, but probably closely related, taxa.
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"Types" referable to the genus Cyclotella and Cyclo- 
stephanos
Round (1970) concluded that there is a clear 
distinction between the genus Stephanodiscus and Cyclo­
tella , the major difference being seen in the internal 
face of the valve. Round states that in Cyclotella 
"the marginal area corresponding to the ridges and 
furrows of the outer face reveals a series of elongate 
openings separated by ribs. Through the openings can 
be seen the inner endings of the poroidal system of the 
outer wall". This system of ribs is not found in 
Stephanodiscus. More recently (1982) Round has intro­
duced the generic name Cyclostephanos for species with 
characteristics intermediate between the genera Stephano­
discus and Cyclotella.
Three of the four "types" described in this sub­
section conform to Round's criteria for Cyclotella, and 
have been correlated with published descriptions and
illustrations of named species. The fourth "type" can
2be correlated with Round's (1982) description and 
illustrations of Cyclostephanos dubius (Fricke) Round.
In this last "type", unlike the species of Cyclotella 
here described, the central area of the valve is not 
covered by an inner wall of silica to which the ribs are 
attached. The inner openings of the areolae are clearly 
visible over the whole valve surface, and in some 
illustrations are seen to be covered by domed cribra as
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in Stephanodiscus.
The "types" described in this sub-section are 
summarised in Table 3.3.
Table 3.3
"Type"
number
Species with which 
type can apparent­
ly be correlated
Diameter
(observed
range)
Comments
C.l Cyclotella compta 
(Ehr.) Kiitz. 10-20 yum
This "type" is 
easily corre­
lated with this 
well known 
species
C.2 Cyclotella
meneghiniana
Kutz. 7-18 y>m ditto
C.3 Cyclotella 
pseudostelligera 
Hust. 4-8,5 yum ditto
C.4 Cyclostephanos 
dubius (Fricke) 
Round
6-16 . 5 yji m This "type" has 
been correlated 
with Round's 
(1982)2 descri­
ption of C. 
dubius, the
genus Cyclo­
stephanos
having some 
features inter­
mediate between 
Stephanodiscus
and Cyclotella.
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Cyclotella "Type C.l" ( = C. compta (Ehr.) KOtz.)
In some samples from the River Thames small numbers 
of frustules have been observed which appear to corres­
pond with published illustrations of C. compta (Ehr.)
ti
Kutz. e.g. those given by Hustedt, in Huber-Pestalozzi 
(1942) , Lowe (1975), Helmke and Krieger (1953 and 1964) .
The frustules are 10-20yum in diameter, mean 
13.8 1 2.0yum, (10. 8-16.9yU m) . By light microscopy they 
can be seen to have a central area, occupying about two 
thirds of the cell diameter, in which distinct pores are 
visible, and a peripheral zone marked by radial lines 
about 0.5yum apart. Figure 3.70. These lines are more 
distinctly visible for about lyum at the valve margin, 
and the peripheral 2-3yu m of every third or fourth line 
is particularly easily seen, these lines appearing 
thicker in this region. Usually in two or three positions 
on the valve very distinct lines can be seen extending the 
full radius of the peripheral zone to meet and merge with 
the central area. These appear to be formed by the fusion 
of two of the fine radial lines. In mantle view the ends 
of the radial lines can be seen extending round the curve 
of the frustule from the valve face to the mantle. Figure 
3.70b. In mantle view the frustules can also be seen to 
be either convex or concave in the central area.
Observation at low magnification with the S.E.M.,
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c. d.
Pig, 3.70 Cyclotella compta a. and b. Drawings
based on light microscopy; a. valve face,
b. valve mantle, c. and d. Photomicrographs
c. probably external, d. probably internal.
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Figure 3.71a, shows a general appearance very similar to 
that observed by light microscopy. There is a clearly 
perforated, convex or concave, central area surrounded 
by a peripheral zone consisting of a large number of fine 
radial ridges, which appear to be fused in pairs at 
several places on the valve. Higher magnification with 
the S.E.M., Figure 3.71b and Figure 3.72a shows that the 
radially ridged outer zone is perforated by areolae very 
much smaller than those of the central area. The areolae 
in this outer zone are situated in the grooves but also 
extend up the sides of the ridges. Along the crests of 
the ridges are very fine unperforated lines of silica 
apparently forming the radial lines visible by light 
microscopy. Figure 3.72a. The pore fields or groups of 
areolae between the costae are referred to as alveolate 
striae by Lowe (1975). The external openings of marginal 
strutted processes are visible situated beneath every 
third or fourth ridge, i.e. at about the same spacing as 
the more distinct "lines" visible with the light micro­
scope. Figure 3.71b also shows the external opening of a 
single sub-marginal process.
A S.E.M. view of the interior of the frustule. 
Figure 3.72b, shows marginal ribs of silica apparently 
coinciding with the externally visible "lines" and 
forming the costae typical of Cyclotella. Much stouter 
ribs, possibly separate inner structures, can be seen at 
intervals of 3-4 striae, which would account for the
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Fig. 3.71 Cyclotella compta S.E.M. exterior
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Pig. 3.72 Cyclotella compta a. S.E..LI. exterior, 
b. S»E.M», interior of valve.
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thickened appearance of certain costae as seen by L.M. 
Although the marginal strutted processes are not visible 
in Figure 3.72b, the spacing of these seen in Figure 
3.73a and that of the thicker costae suggests that the 
strutted processes penetrate these latter, which would 
be in agreement with Lowe's observations (1975). In 
this illustration no sub-marginal process is visible, 
although Lowe (1975) found 1-4 sub-marginal labiate 
processes in C .compta.
Figure 3.72b and Figure 3.70d appear to indicate 
that internally there is a thin sheet of silica 
extending from the central area over much of the outer 
radial zone so that only the peripheral part of the 
alveolate striae and the costae between them can be 
seen in an internal view of the valve. The thicker 
inner ribs appear tc fuse with this inner layer, which 
would account for the fact that by L.M. only the outer 
portion of every third or fourth costa appears to be 
thickened. There also appears to be an inner rim or 
ledge of silica around the periphery of the valve.
S.E. microscopy shows that externally the central 
area is verrucose between the pores. Figure 3.71b and 
Figure 3.72a. Neither of these illustrations indicates 
the nature of the "pores" but both suggest that they are 
of two sizes, a number of smaller pores being arranged 
in an approximate ring amongst the larger ones. Figure 
3.72b indicates that internally these smaller pores
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appear triangular with three subsidiary structures and 
are thus apparently strutted processes. In the valve 
illustrated in Figure 3.72b thirteen of these strutted 
processes can be seen. No detail of the larger pores 
has been observed, but they are assumed to be areolae.
Observations by T.E.M., Figure 3.73, agree with 
those by S.E.M. The central area is seen to be perfor­
ated by a number of distinct "pores" or areolae amongst 
which an irregular ring of strutted processes can be 
distinguished, nine are visible in Figure 3.73. The 
peripheral zone of alveolate striae are seen to be 
obscured by a thin layer of silica for about two-thirds 
of their length. Some of the costae between these 
striae are fused in pairs, and every 3rd or 4th costa 
appears thicker than the others. The existence of an 
inner ring of silica around the valve margin appears to 
be confirmed. Such a rim appears to be illustrated in 
the reconstruction of the structure of C . compta given 
by Helmke and Krieger (1953), Tafel 26. In Figure 3.73 
one sub-marginal process is visible, the structure of 
which cannot be ascertained. However, subsidiary 
chambers characteristic of strutted processes do not 
appear to be present and this probably represents a 
labiate process as illustrated by Lowe (1975).
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Pig, 3.73 Cyclotella compta T.E.M
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Cyclotella "Type C.2" ( =  C. meneghiniana KÜtz)
Frustules common in some samples from the River 
Thames apparently correspond with published illustrations 
of C. meneghiniana Kutz., e.g. those given by Desikachary 
and Rao (1973), Helmke and Krieger (1953 and 1974), 
Hustedt, in Huber-Pestalozzi (1942), Lowe (1975) and 
Planas (1972).
These frustules are 7-18yum in diameter, mean 
12.83 ^ 2.25yum (8.42-17.25^ m). When seen with the 
light microscope. Figure 3.74a, b and c, these frustules 
show an apparently unperforated central area extending 
for about half the diameter and a peripheral zone which 
is separated into radial areas, each rather less than 
ly(m wide, by narrow lines 0.5yAm in width. Each of 
these lines becomes more clearly visible where it meets 
the valve margin.
Observation with the S.E.M. of the outside of the 
frustule, Figure 3.74d, indicates that the peripheral 
zone consists of radiating ridges, which appear to be 
perforated by very fine pores or areolae, separated by 
grooves which are also perforated, having at least a 
double row of areolae somewhat larger and more distinct 
than those on the ridges. Short processes, probably 
spines, appear to be present at the outer ends of the 
perforated grooves, and in some cases there is a
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Pig. 3,74 Cyclotella meneghiniana
a. Drawing based on light microscopy.
b. and c. Photomicrographs,
d. S.E.M. valve exterior.
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suggestion of a second process, perhaps a strutted 
process, below the clearly visible spine. The central 
area is seen to be tangentially undulate so that one 
half is concave and the other convex. There is one off- 
centre strutted process, usually apparent on the convex 
portion of the central area. On the opposite, concave, 
side there is a small depression which does not appear 
to perforate the valve. The central area is not perfor­
ated by areolae, but the surface is roughened by 
radiating ridges of silica which appear to be continuous 
with those of the peripheral zone. The mantle surface 
is rough, apparently covered with small spinules.
Stereoscan electron micrographs of the interior. 
Figure 3,75, show stout silica ribs, or costae, between 
perforated areas of the peripheral zone and merging with 
the disc of the central area. The outer ends of these 
costae apparently fuse with a rim of silica extending 
inwards from the valve margin. Each costa is seen to be 
perforated by a strutted process, just before fusion 
with this marginal rim. These marginal strutted 
processes have not been satisfactorily observed in 
exterior view, although both Figure 3.74d and Figure 
3.75a suggest that they may be situated beneath the 
spines visible at the ends of the radial grooves. This 
would appear to agree with the illustrations given by 
Lowe (1975) and also with Helmke and Krieger (1953), 
tafel 27, although the appearance of the S.E.M. exterior
151
a.
b.
Pig. 3.75 Cyclotella meneghiniana S.E.M» interior
of valve.
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view they give in tafel 739 (1974) is rather different. 
There the valve face is flat not undulate and the 
'spines* appear to be short tubules, but this appearance 
may be the result of breakage. It would appear that the 
thick costae underlie the radial grooves of the peri­
pheral zone. The angle of the visible satellite 
structures of the marginal strutted processes suggests 
that there are three such structures to each strutted 
process, but no illustration has been obtained which 
shows this clearly. The excentric strutted processes on 
the valve face can be clearly seen to be supported by 
three subsidiary structures. Lowe (1975) found a single 
labiate process (rimoportule) and this is probably 
visible in Figure 3.75. The S.E.M. illustrations 
suggest that the L.M. observations. Figure 3.74b and c, 
represent the inner rather than the outer face of the 
valve.
T.E.M. illustrations. Figure 3.76, essentially 
confirm the observations with the S.E.M. The nature of 
the excentric strutted process is clearly visible and 
the hollow observed on the opposite side of the valve by 
S.E.M. is shown to consist of a thinner area of silica. 
Figure 3.76b. The partial obscuring of the outer ends 
of the pore fields confirms the existence of a rim of 
silica extending round the inner edge of the valve 
margin. The pore fields between the costae in the peri­
pheral zone are each composed of a double line of small
153
a.
b.
Pig. 3.76 Cyclotella meneghiniana T.E»M<
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distinct pores slightly elongated radially, flanked by 
areas of smaller, less easily distinguished pores.
Cyclotella "Type C.3" ( = C. pseudostelligera Hust.)
Frustules present in small numbers in most samples 
from the river apparently correspond to C. pseudostell- 
igera Hust. as illustrated by e.g. Helmke and Krieger
(1974), Hustedt, in Huber-Pestalozzi (1942), and Lowe
(1975), although the resemblance in the latter case is 
not so close.
The frustules are approximately 4.0-8.5^ m in dia­
meter, mean 5.6 i  1. 3yUm (3.1-8. 2yum) , based on the 
measurement of 60 valves. By light microscopy they show 
a striated outer zone about half to two thirds the 
radius, and 7-9 marginal structures are visible as 
bright dots with phase contrast illumination. Figure
3.77, The central area may be unperforated or may have 
a ring of about eight elongated, radial perforations, 
with or without a single perforation in the centre of 
the group. Figure 3.77a, b and c. Belcher, Swale and 
Heron (1966) illustrate a range of forms visible by 
light microscopy apparently linking C. pseudostelligera 
Hust. with C. woltereckii Hust.
S.E.M. observations of the outer surface, Figure
3.78, show the peripheral region to consist of raised 
silica ribs separating grooved fascicles perforated by
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Fig. 3.77 Cyclotella pseudostelligera
a. b. and c. Drawings based on light 
microscopy, d. and e. Photomicrographs
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a.
b.
Pig. 3.78 Cylotella pseudostelligera
S.E.M. valve exterior.
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distinct areolae, some of the thickened ribs extending 
into the central area. The mantle also appears to have 
perforated areas separated by silica ridges. Around the 
margin of the valve face there is a process at the end 
of about every third or fourth areolate fascicle* These 
processes appear to correspond to the bright dots 
observed by phase contrast light microscopy. In Figure 
3.78b these processes appear tubular suggesting the 
possibility that they are strutted processes. However, 
in Figure 3.79 they appear to be flattened spines which 
only show a hollow tubular structure when broken off 
fairly close to the valve. The valve shown in Figure 
'3.79 appears to be very heavily silicified so that the 
fascicles are not in grooves and their areolate nature 
is obscured, each fascicle being represented by only 
two or three large pores.
There appears to be a distinct, substantial rim of 
silica around the edge of the valve mantle.
S.E.M. illustrations of the interior of the valve. 
Figure 3,80, show that the external hyaline bands of 
silica between the fascicles are accompanied on the 
inner surface by stout ribs or costae as is typical of 
the genus Cyclotella (Round, 1970). As the valve face 
merges with the mantle the hyaline ribs between the 
fascicles fork more or less equally to form a complex 
pattern of perforated areas on the mantle. Figure 3.80a.
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Pig. 3.79 Cyclotella pseudostelligera 
ë.E.M., valve exterior.
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a.
b.
Fig. 3.80 Cyclotella pseudostelligera
S.E.M. valve interior.
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Figure 3.80 illustrates two patterns of perforations in 
the central area. This pattern of perforations is 
variable when seen by light microscopy. The influence 
of silica concentration on this has been investigated 
by Belcher, Swale and Heron (1966).
Transmission electron microscopy. Figure 3.81, 
confirms the features described above. In Figure 3.82 
the peripheral fascicles are seen to be perforated by 
many small areolae, and the approximately equal branch­
ing in the mantle region of the hyaline bands between 
the fascicles can be seen clearly. The large perfora­
tions in the central area are similar to the peripheral 
fascicles in being pierced by a complex of small areolae.
Figures 3.81a and b both appear to show a develop­
ment towards the structure seen in Figure 3.79 with thick 
silica costae separating fascicles perforated by a small 
nuiTuber of relatively large pores or areolae. However, 
this appearance is probably the result of the failure of 
the illustration to show the very thin silica divisions 
between the smaller areolae. There also appears to be a 
thin sheet of silica obscuring the inner ends of the 
fascicles or pore fields. In none of the T.E.M. illus­
trations can the structure of the spines or processes be 
clearly distinguished.
Belcher, Swale and Heron (1966) found a correlation
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a.
Fig. 3.81 Cyclotella pseudostelligera
T.E.M. showing thin patches in silica of 
central area, more clearly visible in b.
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Pig. 3.82 Cyclotella pseudostelligera
T.E.M. valve showing central pattern of
perforated openings.
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between the pattern of pores visible on the frustule by 
light microscopy and the silica content of the culture 
medium, a higher availability of silica apparently 
leading to frustules with a visible inner ring of per­
forations, which were lacking when silica was in short 
supply.
T.E.M. observations in the present study. Figures 
3.81 and 3.82, suggest that as silica builds up on the 
valve thin areas are left in the positions in which 
perforations form, so that possibly perforations develop 
in these thin areas only after the valve has become well 
silicified.
"Type C.4.” =  Cyclostephanos dubius (Fricke) Round
These frustules, which are quite frequent in samples 
from the Thames, have a Cyclotella-like appearance when 
viewed by light microscopy. They are 6.0-16.5yim in dia­
meter, mean 10.2 i 1.8yum (6.7-13.8yim). Light micro­
scopy, Figure 3.83, shows a convex or concave central 
area, of about half the total diameter, in which perfora­
tions are visible, and an outer zone consisting of about 
40 distinct radiating lines or ridges. In some specimens 
these lines are less widely separated than in others and 
it seems possible that this "type" may represent two 
similar frustule "types" which have not been clearly 
distinguished. It has already been pointed out, page 72,
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c.
Pig. 3.83 Cyclostephanos dubius
a. and b. Drawings based on light micros­
copy. c. Photomicrograph.
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that so far it has proved impossible to separate 
smaller specimens of "Type C.4" from Stephanodiscus 
minutula (Kutz) Round by light microscopy.
S.E.M. observations of the exterior of the valve. 
Figure 3.84, confirm the presence of a concave, or 
convex, central area which is perforated by distinct 
areolae. There is an outer zone of smaller areolae 
grouped into fascicles with distinct hyaline ridges 
between them.
S.E.M. internal views. Figure 3.85, show thick ribs 
of silica, (costae), between the peripheral fascicles, 
as is typical of Cyclotella. The length of these costae 
and the fascicles between them is apparently variable in 
comparison with the diameter of the central area. In 
the small frustules illustrated in Figure 3.86 the 
costae are apparently relatively poorly developed so 
that the fascicles or pore fields appear to form only 
shallow depressions between them. Figure 3.85a clearly 
shows strutted processes present in every second or 
third costa. Each strutted process is seen to have two 
supporting structures and the areolae are covered by 
domed cribra. In Figure 3.85a one excentric fultoportule 
is visible in the central area, while in Figure 3.87a 
there are two, one of which is shown at high magnifica­
tion in Figure 3.87b. The valve mantle is perforated by 
numerous small areolae, between which it is spinulose.
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i
b.
Fig, 3.84 Cyclostephanos dubius S.E.K. exterior
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a.
b.
Pig. 3.85 Cyclostephanos dubius S.E.M. interior,
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ma.
b.
Fig, 3.86 Cyclostephanos dubius S.E.M, interior, 
Small valves having appearance similar 
to that of Stephanodiscus "Type S3", 
(Fig. 3.31)
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a.
b.
Fig. 3.87 Cyclostephanos dubius S.E.M. interior;
a. Showing two strutted processes in 
central area; b. higher magnification of 
same valve with strutted process.
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Figure 3,85a. The mantle has a distinct, unperforated 
marginal rim.
In one case. Figure 3.88, stereoscan and trans­
mission electronmicrographs of the same valve have 
been obtained. The T.E.M. illustrations in Figures 3.89 
and 3.90 are of valves which appear similar to that in 
Figure 3.88 and it is concluded that they represent 
specimens of this same "type".
It has not been possible to correlate frustules of 
"Type C.4" as seen by light microscopy with illustrations 
and descriptions already in the literature with any degree 
of certainty. They appear to correspond fairly closely 
to the Hustedt illustration of Cyclotella catenate Brun, 
in Huber-Pestalozzi (194 2), although that illustration 
suggests fewer areolae in the central area than appear 
to be present in the material from the Thames. There is 
also a resemblance to an illustration given by Marciniak 
(1973) and designated Stephanodiscus dubius (Fricke)
Hust., though the illustration of this species given by 
Hustedt in Huber-Pestalozzi (1942) suggests that the 
outer zone of radiating lines is narrower than in Cyclo­
tella catenata. Huber-Pestalozzi quotes frustule dia­
meter of 8-17yUm for C . catenata and 10-25yxm for S . 
dubius, the former showing quite close agreement with the 
present Thames material. By S.E.M. the internal appear­
ance of the frustules is similar to one of the illustrations
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a.
b.
Pig. 3.88 Cylostephanos dubius
e. S.E.M. valve interior, 
b. T.E.M. same valve as in a.
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Ja.
b.
Pig, 3.89 Cyclostephanos dubius T.E.M,
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Pig. 3.90 Cyclostephanos dubius T.E.M
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given by Hâkansson (1976) and designated Stephanodiscus 
dubi\^/ but h6r oth6r illustration of this spGciGS, an 
intGrnal view, appears to show a damagod valvG of this 
or somG othGr spGciGS resting inside it, so that the 
internal structure is uncertain. Her illustration of an 
external view of S . dubius does not appear to be 
convincingly different from her illustration designated 
S. astraea. Round (1982)  ^ published S.E.M. illustrations 
which show frustules closely resembling those described 
here. He discussed the relationship of this species to 
the genera Stephanodiscus and Cyclotella and concluded 
that a new taxon at the generic level was necessary, for 
which he proposed the name Cyclostephanos. The species 
described in the present investigation appears to be that 
designated by Round Cyclostephanos dubius (Fricke) Round 
syn. Stephanodiscus dubius (Fricke) Hustedt. Other 
published illustrations, in the Fritsch Collection, 
showing some similarity to this "type" are those of 
Skvortzov (1937) designated S. astraea var. intermedia 
Fricke, and of Messikommer (1953-54) and Kurohagi (1962) 
designated Stephanodiscus alpinus Hustedt.
Summary and discussion of structural features and taxonomy
The majority of the centric diatoms encountered in 
this investigation have been those with discoidal cells, 
but two species of Melosira, in which the cells are 
cylindrical and normally seen in girdle view, have been 
described. The discoidal celled forms described here are
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included in the five genera: Thalassiosira. Cyclotella, 
Stephanodiscus, Cyclostephanos and Coscinodiscus. Of 
these Cyclotella, Stephanodiscus and Cyclostephanos 
account for almost all the centric diatoms in the Thames 
phytoplankton, and therefore the study of these genera 
has formed the major part of the taxonomic section of 
this investigation.
A description of the genus Stephanodiscus has been 
given by Round (1981) , and the distinction between the 
genera Stephanodiscus and Cyclotella has also been 
discussed by Round (1970) who concluded that there is a 
clear distinction between the two genera. Later (1982) 
Round proposed the new generic name Cyclostephanos for 
certain species which have characteristics intermediate 
between Cyclotella and Stephanodiscus. His findings are 
generally supported in the present investigation, the 
majority of "types" here described conforming to the 
criteria for Stephanodiscus given by Round (1981), and 
three of them conforming to Round's (1970) description 
of Cyclotella. Only one "type" appears difficult to 
allocate with any certainty to one rather than the other 
of these two genera. As described on p.166 "Type C.4" 
has a peripheral zone with distinct external ridges 
apparently corresponding to thickened costae in the 
interior of the valve, as is typical of the genus 
Cyclotella. However, these costae do not appear to be 
joined to an inner layer of silica over the central area
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of the valve, and in both the central area and the 
peripheral zone the areolae are covered by domed cribra 
typical of Stephanodiscus. "Type C.4" has now been 
correlated with Cyclostephanos dubius (Fricke) Round.
Observations during the present investigation 
suggest that perhaps the structure of the central 
strutted processes may provide an additional criterion 
for distinguishing between genera. Round (1981) 
describes the "fultoportules" (strutted processes) of 
Stephanodiscus as having a central tube "surrounded by 
shorter subsidiary tubes - generally three (two) in 
number", or as "surrounded at the base by three (two) 
'arc-like' pieces of silica". In all the "types" 
described here in which these structures have been 
clearly illustrated, the subsidiary structures (satellite 
pores) of the strutted processes appear ’arc-like". The 
nature of the structures has not been clearly observed 
in Cyclotella pseudostelligera or in C . compta. Round 
(1981) stated that these structures are tubular in both 
Stephanodiscus rotula (Kutz) Hendey and S. minutula 
(Kutz.) Round. However, in the present investigation 
one illustration has been obtained. Figure 3.21b, which 
shows the satellite structures appearing as large arcs 
in "Type S .1", which is thought to be referable to 
S. rotula (Kutz.) Hendey. No clear illustrations of 
these structures have been obtained for "Type S.3" 
apparently referable to So minutula (Kutz.) Round, or
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for "Type S.2", "Type S.5" or "Type S.6".
The numbers of satellite structures in the strutted 
processes of the various diatom "types" described in the 
present work are shown in Table 3.4. It can be seen from 
this table that for four of the Stephanodiscus "types" 
described the marginal strutted processes have three 
satellite structures, while three "types" have marginal 
strutted processes with only two satellite structures.
No evidence is available for the structure of the marginal 
strutted processes in "Type S.5" or "Type S.6". The 
usual number of satellite structures in the central 
strutted processes in Stephanodiscus is two. There is no 
evidence concerning the structure of the central strutted 
process in "Type S.6", and central strutted processes are 
absent in both "Type S.4" and "Type S.5". No Stephano­
discus "type" has been found to have a central strutted 
process with three satellite structures.
Table 3.4 Numbers of satellite structures surrounding 
central tube of strutted process
Diatom
Taxa
Marginal 
strutted process
Central 
strutted process
Thalassiosira sp* 4 4
Cyclotella compta no evidence 3
C. meneghiniana 3 3
C. pseudostelligera no evidence -
Cyclostephanos dubius 2 2
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Table 3.4 continued
Diatom
Taxa
Marginal 
strutted process
Central 
strutted process
Stephanodiscus:
"Type Sol" 3 2
"Type S.2" 3 2
"Type S.3" 2 2
"Type S.4" 3 -
"Type S.5" no evidence -
"Type S.6" no evidence no evidence
"Type S.7" 3 2
"Type S.8" 2 2
"Type S.9" 2 2
Amongst the Cyclotella "types" described, there is 
no evidence available in this investigation for the 
structure of the marginal strutted processes in C . compta 
or C. pseudostelligera, while in C. meneghiniana the 
marginal strutted processes have three satellite structures. 
C. pseudostelligera has no central strutted process, but 
both C . compta and C . meneghiniana have central strutted 
processes with three satellite structures. Cyclostephanos 
dubius has marginal strutted processes with only two 
satellite structures and a central strutted process also 
with only two satellite structures*. This suggests that 
Cyclostephanos is perhaps closer to Stephanodiscus than 
to Cyclotella.
An attempt has been made to assess the validity of
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the "types" distinguishable using light microscopy by 
endeavouring to correlate features visible by light 
microscopy with observations made using both transmission 
and stereoscan electron microscopy.
Most of the L.M. "types" have been shown by E.M. to 
be discrete, although Stephanodiscus "Type S.4" and 
"Type S.5", which probably represent S. tenuis Hust. and 
S. hantzschii Grun. respectively, appear to be extremes 
of a continuum of silicification. However, if this is 
so, it is surprising that relatively few of the frustules 
observed appeared intermediate and difficult to assign to 
one or the other of these categories by light microscopy. 
Some diatoms which appear distinct by E.M. are probably 
impossible to separate by L.M., e.g. Stephanodiscus 
"Type S. 3" ( =  S. minutula (Kutz.) Round) and small
frustules of Cyclostephanos dubius (Fricke) Round.
The results of this investigation indicate that the 
separation of discoidal celled centric diatoms into 
"types" visibly different by light microscopy is a 
valid basis for the ecological investigation of these 
planktonic diatoms. The information presented will be 
used in the construction of a key to aid recognition of 
the various types described.
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Supplement to Chapter 3
Various illustrations not clearly referable to 
"types" already described in this chapter
This supplement has been placed after the discussion 
of structural features and taxonomy because so little 
information is provided by these illustrations that no 
useful discussion of them is possible.
1. By light microscopy frustules have occasionally been 
observed. Figure 3.91, in which the hyaline lines 
separating the fascicules appear to fork, and in 
which the spines at the perimeter of the valve face 
appear to be arranged more or less in pairs, a 
longer spine accompanied by a shorter one. Figure 
3.91b.
The T.E.M. illustrations in Figure 3.92 suggest that 
the forked appearance of the fascicles and the 
hyaline lines separating them, illustrated in Figure 
3.91, probably arises when the two valves of a 
frustule have remained attached to each other so 
that a composite pattern is produced.
2. Further examples of valves viewed first by T.E.M. 
and later by S.E.M. are given in Figures 3«93, 3.94 
and 3.95. Probably because of the gold coating
181
5pm
e.
b.
Fig. 3.91 Valves in which hyaline lines between 
fascicles appear forked seen by light 
microscopy, a. Drawing based on L.K. 
b. Photomicrograph.
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Fig. 3.92 Frustules in which valves have apparently 
remained joined. T.E.M.
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necessary for S.E.M. it was not easy to interpret 
these valves by L.M. when the grids were finally 
mounted in Naphrax, but in the valves shown in 
Figures 3.94 and 3.95 the areolae were clearly 
visible by L.M. The valve illustrated in Figures 
3.93a and b appears to show a flask-shaped 
structure attached to the inner end of one of the 
strutted processes. No explanation of this can be 
suggested. In the valve shown in Figure 3.93c and 
Figure 3.9 3d the areolae appear much larger seen 
by T.E.M. than by S.E.M. This illustrates the type 
of difficulty encountered in attempting to correlate 
T.E.M. and S.E.M. illustrations when, as is usually 
the case, they are of different valves.
3. An unusual valve is shown in Figure 3.96a which 
appears, to have domed structures covering the 
external openings of small areolae. Figures 3.96b 
and 3.97 illustrate valves with very small areolae. 
These have an appearance similar to that illustrated 
by Round (1981) for some valves of Stephanodiscus 
minutula (Kutz.) Round, which he described as having 
"rather indistinct areolae which seem to be 
partially occluded". Figure 3.97b shows the same 
valve as Figure 3.97a but at a higher magnification. 
This suggests that these "occluded" areolae may have 
resulted from erosion of dome-shaped coverings like 
those illustrated in Figure 3.96a.
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r,
b.
Pig. 3.93 a. T.E.M.
b. S.E.M. same valve as in a.
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c.
d.
Pig. 3.93 cont. c. T.E.M.
d. S.E.M. same valve as in c
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Pig. 3.94 S.E.M. same valve as in 3.95c.
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b. c.
Pig. 3.95 a. S.E.M. same valve as in b. (T.E.M.)
c. T.E.M. same valve as in Pig. 3.94.
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b.
Pig. 3.96 a. Valve with domed structures covering 
external openings of areolae, 
b. Valve with small areolae.
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a.
b.
Pig, 3.97 a. Valve with small areolae.
b. Same valve at higher magnification, 
areolae partially covered by eroded 
"domes".
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4. The three valves shown in Figure 3.9 8 and Figure 
3.99 all have small areolae and rather thick, 
flattened, marginal spines. The valve illustrated 
in Figure 3.98a appears to have flat cribra which 
are just visible from the exterior, similar to 
those of "Type S.8" and "Type S.9". The valves 
illustrated in Figure 3.98b and Figure 3.99 both 
have small granules or papillae on the external 
surface of the hyaline areas between the fascicles. 
Figure 3.99 also shows these between the areolae of 
the valve mantle.
This supplement includes observations of several 
interesting features, the significance of which is not 
yet clear*
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%a.
b.
Pig, 3.98 S.E.M. valves with small areolae and thick, 
flattened marginal spines.
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'f : Pig. 3.99 S.E.M. valve similar to that in Pig. 3.98b
at higher magnification showing papillae 
on external surface.
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Chapter 4
Ecology of discoidal celled centric 
diatoms in the River Thames
Introduction
Diatoms form most of the phytoplankton in the river 
and, as can be seen from the 1980 data in Table 4.1, the 
discoidal celled centric diatoms form the major component, 
although pennate diatoms belonging to such genera as 
Diatoma, Synedra, Cocconeis, Navicula, Nitzschia and 
Surirella are also present.
Butcher (1932) referred to the work of Fritsch (1903) 
and concluded that the plankton of the River Thames 
suggested derivation partly from the river-bed, partly 
from the littoral zone and partly from backwaters and 
pools.
In the present investigation one attempt was made, 
26/4/83, to obtain some information about the river bed.
A sample, in which water and mud were mixed, was scooped
from the bottom. This sample was estimated to contain
4 -1about 3,5 X 10 pennate diatom cells ml , but no centric
diatoms were observed. A sample of river water was
collected in the normal manner on the same day, and the
numbers of diatoms recorded in this are shown in Table
4.2o Comparison with the 1980 data. Table 4.1, suggests
that the proportion of pennate diatoms in the plankton on
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26/4/83 was unusually high.
Table 4.1 Diatom cells ml  ^in water samples from R 
Thames during 1980
Date
Collected
Discoidal celled 
centric diatoms
Melosira
varians
Pennate
diatoms
28/3 2225 102 433
21/4 26000 39 769
1/5 23107 27 - 905
12/5 27656 32 575
19/5 22656 5 381
30/5 19056 1 100
5/6 16375 2 313
13/6 1125 30 83
25/6 1150 85 225
1/7 733 - 50
! 15/7 586 - 88
31/7 263 - 75
18/8 338 - 50
23/9 438 - 238
6/10 163 - 38
15/10 - - 88
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Table 4,2 Numbers of diatoms recorded in river water 
26/4/83
Discoidal cen­
tric diatoms
Melosira
varians
Melosira
granulata
Pennate
diatoms
525 cells ml'l 63 cells ml"^ 113 cells ml”^ 513 cells ml"^
The considerably greater number of pennate diatoms in 
the bottom sample suggests that the free-floating pennate 
diatoms may well be derived from the bottom flora.
This section of the present investigation represents 
an attempt to look at the seasonal periodicity of plank­
tonic centric diatoms in a river in greater detail than has 
been done by the earlier workers in the field, notably 
Swale (1962, 1964, 1969) and Lack (1969, 1971).
Attention has been focussed on those planktonic centric 
diatoms which usually occur as single cells, or sometimes 
in short chains, and which are not easily distinguishable 
from each other in uncleaned material. Almost all of these 
belong to the genera Stephanodiscus and Cyclotella, but 
small numbers of e.g. Thalassiosira may be included. Little 
attention has been paid to the easily recognisable species 
of Melosira (mainly M. varians Ag.) in which the cylindric­
al cells are usually linked in long chains and normally 
seen in girdle view. However, a small amount of information 
concerning the frequency of M. varians Ag. in the river 
during 1979-1981 has been included.
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Using the procedure described on p. 16 the total 
number, cells ml ^, of Stephanodiscus, Cyclotella and any 
similar cells was determined for samples taken at, 
usually, approximately weekly intervals throughout the 
growing seasons 1979-1981. An attempt has been made to 
correlate the data thus obtained with time of year, 
weather conditions and nutrient availability, in order to 
provide some background information on the pattern of 
growth of these planktonic diatoms in the river. Casey, 
Clarke and Marker (1981) have suggested that a period of 
only two to three years is insufficient to establish the 
detailed patterns and variations in diatom growth in 
rivers. Therefore any conclusions concerning the 
influence of environmental factors on diatom populations 
based on the data collected during the present investiga­
tion are best regarded as tentative.
The important application of the population data in 
the context of the present investigation is the attempt 
which has been made to compare the ecological behaviour 
of the various "types" of Stephanodiscus and Cyclotella. 
This has been based on the percentage of different "types" 
in the various samples, and the conversion of these 
percentages to approximate numbers of cells present. 
Although the data used have been, of necessity, crude, in 
a number of cases patterns have emerged which seem fairly 
constant from year to year, and which indicate that some 
visibly different "types" also tend to show ecological 
differences.
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Cell numbers of Melosira varians Ag.
The numbers of cells ml“  ^of Melosira varians Ag. 
recorded in the various samples are shown in Figure 4.1. 
Although, for the reasons discussed on p. 18 , these 
numbers can only be regarded as approximations of the 
Me varians population, they appear to give some indication 
of the fluctuating numbers of this diatom in the river.
In both 1979 and 1981 the highest number of cells
- I
ml appears to have occurred in mid to late May, while
in 19 80 the highest counts were recorded in late March
and late June. Comparison with Figures 4.2, 4.3 and 4.4
shows a tendency, especially marked in 1980, for M. varians
to increase in frequency when the frequency of the
discoidal celled forms is relatively low. Figure 4.5
shows that in 1979 the highest rainfall was in May, while
in 1980 rainfall peaks occurred in June and October with
a lower peak in March, and in 1981 rainfall peaks occurred
in March, May and September, that in May being lower than
the other two. Monthly rainfall totals for February-July
are included in Figure 4.1 and there is some indication
-1
that the number of cells ml of M. varians tends to 
increase during periods of high rainfall.
Total cell numbers of Stephanodiscus and Cyclotella
The numbers of cells ml~^ in the various samples are 
shown in Figures 4.2, 4.3 and 4.4* In the present
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Fig. 4-1 Seasonal changes in numbers of Melosira 
varians (vertical bars) and rainfall 
(block graph).
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investigation population maxima have been regarded as 
occurring when the frequency of the cells exceeded 
5 X 10^ cells ml Higher concentrations (> 10^ cells 
ml were also occasionally recorded. Such peaks of 
population density, i.e. 5 x 10 cells ml” or above,
show a difference in timing during the three years 1979-81.
3In 1979 a density of 5 x 10 cells was recorded in May and
10^ cells ml  ^in June/Julyo In 1980 a high population
4 —1density peak exceeding 10 cells ml developed in April/
May, but few centric diatoms were present later in the
season. In 1981 a density of 5 x 10^ cells ml”  ^was
exceeded in mid May and again in late June/July, but a
4 -1population density exceeding 10 cells ml was not
recorded at any time during that year.
Comparison with monthly rainfall figures. Figure 
4.5, shows that the number of discoidal centric diatoms 
ml  ^reached the highest levels at times of low rainfall, 
(July 1979 and April/May 1980). This agrees with the 
findings of Swale (1964) for the River Leec The water 
level in the river was recorded, from July 1979 onwards, 
each time a sample was collected. These data are presented 
in Figure 4.6, and comparison with Figure 4.5 shows that 
the level of water in the river is not directly related 
to rainfall. The number of discoidal centric diatom cells 
ml”  ^in the river cannot be correlated directly with water 
level.
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Bowles and Quennell (1971) have drawn attention to
the need to take account of flow rate when considering
diatom populations in rivers, and Lack (1971) indicated
that the number of diatoms passing downstream in a given
time is of significance* Figure 4.7 shows the gauged
flow rates at Teddington on the dates when samples were
collected. These figures have been used to convert the
cells ml  ^data to cells sec  ^passing a given point, as
shown in Figures 4.8, 4.9 and 4.10. As can be seen in
these graphs peaks when the number of centric diatoms
exceeded lO^^cells sec  ^occurred in April-July 1979,
March-early June 1980 and April/May and June/July 1981.
The highest peaks, in excess of 5 x lO^^cells sec""^ ,
occurred in May and again in June 1979, April/May 1980
and April and May 1981. Although differences are still
apparent much closer uniformity between the three years
is shown when the data are presented in this form. In
all three years the number of cells sec  ^exceeded 5 x 10^^
during late April and early May. In 1979 and 1981 a
second peak occurred in June/July, but in 19 81 this did
11 -1not exceed 3 x 10 cells sec . The differences in 
centric diatom periodicity between the years 1979, 1980 
and 1981 which are still apparent when the population 
data are presented as cells sec  ^will now be considered 
in relation to various environmental factors.
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Weather conditions
Rainfall
The relationship between rainfall, flow rate and
numbers of diatoms ml  ^has already been discussed, p.200,
It now remains to consider whether rainfall influenced
absolute numbers of diatoms, expressed as cells sec”^
passing a given point. Figure 4,5 shows that in 1979
April/May was a period of high rainfall (79 mm in April
and 101 mm in May), but that in June/July the rainfall
was low, (43 mm in June, 17 mm in July). In 1980 the
situation was reversed, rainfall being low in April/May
(17 mm and 30 mm), but high in June/July, (103 mm and
73 mm), During 1981 rainfall fluctuated more rapidly and
was fairly low in April (25 mm), considerably higher in
May, (76 mm) , down in June (37 mirO and higher again in
July (60 mm). Thus there appears to be no correlation
between rainfall and the diatom population peaks occurring
in April/May and June/July when diatom numbers are expressed 
-1
as cells sec passing a given point.
Hours of sunshine
Monthly totals for hours of sunshine are shown in 
Figure 4.11, Comparison with Figures 4,2, 4,3 and 4.4 
shows no correlation between hours of sunshine and centric 
diatom populations expressed in cells ml , and while 
comparison with Figures 4.8, 4,9 and 4.10 suggests that 
the slight fall in number of cells sec~^ in June 1979
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might have been related to the fewer hours of sunshine 
that month, there is again no clear correlation between 
hours of sunshine and the number of centric diatoms in the 
river.
Water temperature
The water temperature was recorded each time a sample 
was collected from the river, and these temperatures are 
given in figure 4.12. They show that in both 19 79 and 
1981 the water temperature from early June until the end 
of July exceeded 15°C and reached 20^C about July 10th, 
but that in mid July 1980 it fell to only 11°C.
Swale (1963) found a temperature of 20^C to be optimal 
for growth of S. hantzschii in culture, and in the light of 
this it can be suggested that the lack of a June/July peak 
in diatom numbers, cells sec ^, in 1980 might have been 
due to the comparatively low temperature in July of that 
year. However, the temperature in June and July 1980 did 
not fall below that recorded at the time of the April/May 
diatom peak in each of the three years, so if low tempera­
ture was the explanation of the low diatom count in June/ 
July 1980 it would suggest that different diatoms were 
responsible for the April/May and June/July peaks. This 
point is further discussed later, p.244.
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Nutrient availability
The importance of various inorganic nutrients to 
fresh water phytoplankton has been fully discussed by Lund 
(1965). He concluded that a low concentration of either 
nitrogen or phosphorus is more likely to be limiting in 
natural conditions than lack of other inorganic nutrients, 
although silica concentration is important for the growth 
of diatoms.
Lack (1971) quotes Lund (1950) as stating that plank- 
tonic diatoms are able to utilise nitrates at concentra­
tions below 0.1 mgl and Mackereth (1953) as stating 
that Asterionella was able to produce large crops when the 
phosphorus concentration was as low as 1yugl” .^ Swale 
(1963) found that above 1.7 mgl increased concentration 
of nitrate nitrogen made little difference to the growth 
of Stephanodiscus hantzschii in culture. As concentrations 
in the River Lee varied from 1 to 12 mgl  ^Swale (1964) 
concluded that nitrate concentration was not likely to 
limit the growth of this diatom in the river. She also 
assumed that the phosphate phosphorus concentration which 
varied from 0.2 to 3.0 mgl  ^was unlikely to be limiting.
Figures published by the Thames Water Authority for 
the R. Thames at Walton are given in Table 4.3.
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These data indicate that at no stage is the concen­
tration of either of these nutrients likely to have been 
limiting.
Silica concentration at Walton is shown in figure 
4.13 (Data obtained from North Surrey Water Co.). It can 
be seen that in May 1980 when centric diatom numbers 
reached 2.8 x 10  ^ cells ml  ^ silica concentration fell to 
a relatively low level, 0.38 mgl The uptake of
silica by Stephanodiscus hantzschii in culture was 
investigated by Swale (1963), who calculated that 10^ 
cells of this diatom use 38o4 yig Si02. Thus 2.8 x 10^ 
cells ml  ^would require 38.4 x 2.8 x lO^^yug SiO^ml”  ^
or approximately 1.1 mgl This indicates that in mid 
May 1980 the silica concentration in the Thames might 
have become limiting, although this was the only time 
during the three years of the investigation when this 
seems to have occurred.
Edwards (1974), referred to by Casey et al., and 
Casey, Clarke and Marker (1981) have shown that utiliza­
tion by diatoms is the most important factor influencing 
variations in silicon concentration, in its soluble form, 
in streams and rivers. Comparison of Figure 4c13 with 
the diatom counts for the years 1979-81 shows that silica 
concentration fell as the numbers of diatoms rose. At 
the times of year when diatom growth was least rapid the 
silica concentration in the Thames at Walton fluctuated
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between approximately 12 and 15 mgl"^, and only fell
below 10 mgl  ^when the diatom count exceeded 10  ^ cells 
-1
ml o In 1980 the silica concentration showed a rapid 
recovery in late May and early June, and lack of silica 
is clearly not the explanation for the low numbers of 
diatoms in June and July of that year in comparison with 
both 1979 and 1981.
Seasonal periodicity of various "types" of Stephanodiscus 
and Cyclotella and Cyclostephanos
The investigation of the seasonal periodicity of 
different "types" of Stephanodiscus and Cyclotella was 
attempted by first using the procedure described on p.21 
to estimate the percentage each represented in the various 
date samples. These data show that in most cases the 
pattern for any one "type" is similar from year to year, 
although the actual percentages reached may vary consider­
ably between different years.
These percentages were then used in conjunction with 
the total cell count, converted to cells sec  ^ (see p.206) 
to obtain an estimate of the actual numbers of cells of 
each "type" present at different dates.
Stephanodiscus "Type S.l", "Type S.2" and "Type S.3"
These three "types" are all infrequent in the R. 
Thames. "Type Sd" is mainly a lake or reservoir species 
found in only very small numbers in the river, and
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"Type S.2" also occurs in the river only in small numbers, 
but there is at present no evidence for its greater fre­
quency in the reservoirs. "Type S.3", which has been 
found in small numbers in samples from Wraysbury Reservoir, 
has not been identified in samples from the R. Thames.
Stephanodiscus "Type S.4" and "Type S.5"
These types are considered together as they probably 
represent different degrees of silicification in otherwise 
similar frustuleso Evidence for this has been given in 
the chapter concerning taxonomic aspects, p.100. The data 
given here tend to support this view.
"Type S.4" (including "Type S.4a"), Figure 4.14a, 
accounted for only a small percentage of the centric dia­
toms, usually <  10%, and only in 1979 were higher
percentages present, 26% being reached in late April 1979. 
Actual nujTibers of cells were also low. Figure 4.15, the 
highest being in mid May 1979 when 1.2 x 10^^ cells 
sec"^ were present. In 1980 this "type" was present in 
only relatively small numbers and did not exceed 1.5 x
10^^ cells sec"^ (April), while in 1981 numbers, though
10 -1still low, rose to 4.4 x 10 cell sec in mid May. 
Presented in this form the data appear to suggest that 
the highest numbers of "Type S.4" are likely to occur in 
mid-May. Both the cells sec"^ and percentage data show 
a second small peak in early July 1979 which was not 
repeated in 1980 or 1981*
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"Type S.5" accounted for much higher percentages of 
the centric diatoms than did "Type S.4", 50-60% in some 
samples, Figure 4,14b. The pattern shown by these data 
was fairly consistent over the three years. In each year 
there was a peak during April and May, reaching 51% in 
late April 1980 and 56% in late April 1981. In 1979 this 
peak was much lower, reaching its highest point, 30%, in 
mid May. If the percentage for "Type S.4" and "Type S.5" 
in 1979 are added together. Figure 4.14c, a closer 
resemblance to 1980 and 1981 is produced, although 
fluctuations give rise to three separate peaks between 
the end of March and the end of May 1979. In both 1979 
and 1981 the percentage of "Type S.5" later rose to a 
second peak, in mid June 1979 and mid July 1981. This 
second peak did not occur in 1980. In all three years 
during late May and early June the proportion of "Type 
S.5" was only 10-20%, and when the figures for "Type S.4" 
and "Type S.5" are combined the percentage still falls 
within these limits for that time of year.
When the "Type S.5" data are converted to numbers of 
cells sec” .^ Figure 4.16, it can be seen that the highest 
numbers of this type were present in 1980 and the lowest 
in 1979o In both 1980 and 1981 the peak was reached at 
the end of April, whereas in 1979 a small peak was 
reached in mid May and a somewhat higher one at the end 
of June, and into early Julyc The 1981 figures also 
showed a small increase in cell numbers during July.
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When the data for "Type S.4" and "Type S.5" are 
added together. Figure 4.17, no difference appears in the 
patterns for 1980 and 1981 as compared with the data for 
"Type S.5" alone, but the earlier peak in 1979 became 
equal to that at the end of June.
In the light of these observations it would appear 
reasonable to assume that Stephanodiscus "Type S.4" and 
"Type Sc 5" represent similar frustules but with differing 
degrees of silicification, as discussed earlier, p.100, 
and that there was a greater proportion of the more 
silicified frustules in 1979 than in either 1980 or 1981, 
this being particularly noticeable during May 1979o It 
is not possible to suggest a reason for this in the light 
of the data presented here, which do not show any marked 
difference in the conditions prevailing during May 1979 
as compared with May 1980 and May 1981c Although the 
numbers present in the river vary from year to year, it 
appears that a peak may be expected sometime between mid 
April and mid May when these "types" are likely to account 
for about 50% of the centric diatoms présente In some 
years, presumably when conditions are suitable, a second 
peak may develop in late June or July when again these 
"types" may account for 50-60% of the centric diatoms in 
the river, while in late May and early June they are 
unlikely to account for more than 20% of the totale
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Stephanodiscus "Type S.6"
This "type" frequently accounts for only 5% or less 
of the centric diatoms present, Figure 4.18a, although in 
mid July 1979 the proportion reached 40%. Comparison of 
the data obtained over the three year period suggests that 
"Type So6" becomes a more important component of the dia­
tom flora during June and July than earlier in the year. 
The highest percentages recorded in each year were 40% mid 
July 1979, 13% late June 1980 and, in 1981, 17% in early 
June rising again after a fall to 14% in mid July.
When the data are converted to numbers of cells sec”^
a somewhat different pattern emerges, Figure 4.19. The
numbers of this "type" were generally very low, rarely
10 -1exceeding 4 x 10 cells sec , but even so small peaks 
appear to have developed during April/May of each year, at 
which time this "type" represented only a very small per­
centage of the total centric diatom flora. The high 
percentage recorded in mid July 1979 also represented the 
highest cell number recorded, 2.236 x 10^^ cells sec ^
Possibly "Type S.6", like "Type S.4" and "Type S.5", 
has two periods when growth peaks are likely, April/May 
and July, It appears from the data available that the 
April/May growth is of regular occurrence, although only 
relatively small numbers are produced. The July peak only 
develops in certain years when conditions are suitable, 
but when this does occur comparatively high numbers may be
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produced in July.
Stephanodiscus "Type S.7”
This "type" normally accounted for only a small 
proportion of the centric diatoms present, in most samples 
not exceeding 5% of the total. Figure 4.18b. The highest 
percentages observed in each year were always in March/ 
April. In 1980 11% was reached in late March, and in 1981 
9% in early April. In 1979 the March/April peak was 
higher, exceeding 20% and reaching 35% in mid March.
—1
When the data were converted to numbers of cells sec.. 
Figure 4.20, the growth peak in both 1979 and 1980 was seen 
to have been a month later than the percentage peak, i.e. 
late April as compared with late March. In 1981 when 
comparatively few "Type S.7" cells were present the highest 
number was not reached until mid May. Although the highest 
percentage reached in 1979 was about three times that in 
either 1980 or 1981, the highest cell number was reached in 
1980 when 1.07 x 10^^ cells sec”  ^were present in April 
compared with 7.6 x 10^^ cells sec~^ in late April 1979 and 
4.4 X 10^^ cells sec  ^in mid May 1981c
Thus, on the basis of these observations it appears 
that while "Type S.7" may form, in some years, a substantial 
component of the centric diatom flora in March/April, it is 
not likely to be conspicuous later in the year.
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Stephanodiscus "Type S.8"
The percentage data for "Type 8,8" is given in 
Figure 4.18c. In each of the years 1979-1981 this "type" 
accounted for 10% or less of the centric diatoms in 
samples collected during March and April. The percentage 
rose during May and early June and fell again during late 
June. In 1979 percentages were generally low and the 
highest, 18%, was reached in early May. This "type" 
became much more important in 1980 when 54% was reached 
at the end of May. In 1981 the percentage again dropped 
to a maximum of 17% at the beginning of June.
Conversion of the data to numbers of cells sec” .^ 
Figure 4.21, shows that cell numbers were highest in 1980 
and lowest in 1981, but largely confirms the pattern shown 
by the percentage figures. There was a population peak
in May in both 1979 and 1980, with 1.5 x 10^^ cells sec ^
11 -1 in late May 1979 and 2.6 x 10 cells sec in mid May
19 80. In 1981 when cell numbers were low the maximum,
only 5 X  10^^ cells sec”  ^was present in late April.
It appears that this "type" is most likely to form a 
conspicuous element of the centric diatom flora in mid- 
late May when the spring peak for several other "types" 
is already past, and before the June/July peak develops.
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Stephanodiscus "Type S.9"
This "type" was not recorded in 1979, but was 
present in both 1980 and 1981. In neither year did it 
exceed 6% after the end of April, but it was present in 
higher percentages during that month, when it reached 42% 
in 1980 and 13% in 1981, Figure 4.18d.
The conversion of the percentage data to cells sec  ^
shows that very high numbers of this "type" occurred in 
1980 when 6.4 x 10^^ cells sec  ^were present in late 
Aprilo In 1981 few cells of this "type" were present, 
the maximum being only 5 x 10^^ cells sec~^, again in 
late April, Figure 4.22.
It appears that "Type S.9" only forms an important 
component of the centric diatom flora in certain years, 
and that when it does, it appears in April.
Cyclotella "Type C.l" ( =  C. compta (Ehr.) Kutz)
This does not form an important part of the centric 
diatom flora in the river, 5% of the total being the 
maximum which has been observed. Figure 4.23a. It 
appears from the data obtained that this species is more 
likely to be observed in March or April than later in the 
year.
Numbers, as well as percentages, were very low, only
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once during 1979-1981 exceeding 1.5 x 10^^ cells sec~^. 
Figure 4.24. As with other "types" having growth peaks 
in March/April higher nuinbers developed in 1980 than in 
either 1979 or 1981.
Cyclotella "Type C.2" (= C. pseudostelligera Hust.)
The percentage of the total centric diatom flora 
accounted for by this species was highest in June in each 
year 1979-1981, Figure 4.23bo Earlier and later in the 
year the proportion rarely exceeded 10% but in 1979, when 
percentages were relatively high, 20% was reached in late 
May before rising to a June peak of 54%. In 1980 the 
highest was 13% in early June and in 1981 26% was reached 
in mid June.
Cell numbers fluctuated considerably from year to
year, Figure 4.25. The lowest numbers were in 19 80 when
the maximum observed was only 2.5 x 10^^ cells sec  ^ in
early June. The highest numbers of cells developed in
11 -11979 when 2.2 x 10 cells sec were present in late May. 
In both 1979 and 1981 there is some indication of a growth 
peak in May followed by a reduction in numbers and a 
second peak in June.
Thus, as in some other "types" the time when this 
species reaches its most conspicuous percentage in the 
flora may be out of phase with the time at which the 
highest cell numbers are reached.
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Cyclotella "Type C.3" ( ~ C. meneghiniana Kutz.)
This species usually accounted for less than 10% of 
the centric diatom present in the river, except in June/ 
July when the percentage rose considerably, especially 
in 1981, Figure 4.23c. However, in 1979 it reached 16% 
in late March, but then fell to less than 10% before 
rising to 22% in mid July. In 1980 percentages were low 
and a peak of only 16% was reached in late June. The 
1981 peak of 54% also occurred in late June.
When the data are converted to cell numbers. Figure 
4.26, it becomes apparent that in 1980 the low percentage
count is related to low total numbers which never exceeds
10 -1 1.2 X  10 cells sec present at the beginning of May.
11 -1 In 1979 the highest number was 1.2 x 10 cells sec
present in early June and in 19 81 the maximum was 1.4 x
10^^ cells sec  ^ in late June.
It therefore appears that this species is most 
likely to be a conspicuous element in the centric diatom 
flora in June/July when its highest cell numbers develop 
and it sometimes forms a considerable percentage of the 
total.
"Type C.4" ( =  Cyclostephanos dubius (Fricke) Round)
When expressed as a percentage of the total centric 
diatoms present. Figure 4.27, the frequency peaks for this
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"type" did not occur at the same time each year with the 
regularity shown by Stephanodiscus and Cyclotella "types". 
The highest percentage observed was 94% in August 1979.
In that year two lower peaks occurred in late May (24%) 
and late June (31%). The highest observed percentage in 
1980 was 30% at the beginning of July, and in 1981, 46% 
in early June.
Conversion of the data to cell numbers. Figure 4.28, 
showed greater uniformity from year to year with a peak 
in May in 1979 and 1980. In 1981 the highest number 
occurred in late April but did not greatly exceed that 
observed in mid May. In 1979 there appeared to be three 
peaks, late May (2.4 x 10^^ cells sec ^), late June 
(2.5 X  10^^ cells sec )^ and early August (2.05 x 10^^ 
sec ^). Cell numbers in 1979 were higher than in the 
following two years, the maximum in 19 80 being 1.25 x 
10^^ sec ^, and in 1981 1.5 x 10^^ sec ^.
As has been discussed in the chapter on taxonomic 
aspects, po72, it does not appear possible to distinguish 
between Stephanodiscus "type S.3" and Cyclostephanos 
"Type C.4" by light microscopy. The data given here are 
likely therefore to represent a mixture of these two 
"types", and this could have a bearing on the less clear 
pattern shown by this "type" in comparison with the others 
already discussed.
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of discoidal centric diatoms present.
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Suimnary and discussion of ecological observations
Much of the information given in this chapter 
concerning the periodicity of "types” is summarised in 
Figure 4c29. The three comparatively easily identifiable 
species of Cyclotella show differences in their seasonal 
periodicity in addition to their morphological differ­
ences. Cyclotella compta (Ehr.) Kutz, only present in 
small numbers, regularly has a small population peak in 
April, whereas the population peak for C. pseudostelligera 
Hust. occurs in late May or June. C. meneghiniana Kutz. 
shows two possible population peaks, in May and in late 
June/early July. The latter appears to be the more 
important in terms of both numijers of cells sec  ^produced 
and percentage of centric diatoms represented. Cyclo­
stephanos dubius (Fricke) Round, "Type C.4", appears to 
have three possible population peaks, but this may 
represent confusion with Stephanodiscus "Type S.3" as 
already suggested. This is the only centric diatom which 
has been observed to produce substantial cell numbers as 
late as August (1979) .
The various "types" of Stephanodiscus also vary in 
their seasonal periodicities, although they all apparently 
have a population peak in April or May. Stephanodiscus 
"Type S.l" and "Type S.2", have been found in the R. Thames 
in only very small numbers, and "Type S.3" has not been 
identified in samples from the river. These are mainly 
lake or reservoir diatoms. For Stephanodiscus "Type S.4"
244
M a r c h A p r i l M a y J u n e J u l y A u g u s t
StcphanoiiBCUs "Type 86"
Stephanodiscus "Type 87"
Stephanodiscus "Type 88"
Stephanodiscus "Type S9"
Cyclotella compta Ccf)
Cyclotella pseudostelligera Cc2')
Cyclotella meneghiniana ('C30 
Cyclosteplianos dubius ( "C4" )
8-13^ ]3-40ÿ
9-359^
17-54^
13-4
13-54%
2-7% 14-54%
15-24% .9-30% 94%
F e r i o d ( s )  d u r i n g  w h i c h  p e a k  n u m b e r s  o f  c e l l s  s e c . " "  o c c u r r e d .
%  -  %  L o w e s t  a n d  h i g h e s t  %  o f  d i s c o i d a l  c e n t r i c  d i a t o m s  p r e s e n t  
r e p r e s e n t e d  b y  p e a k  n u m b e r s  a t  t h e s e  t i m e s .
Pig. 4.29 Summary shovnng periodicity of varioui 
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245
and "Type S.5" there is a regular population maximum in 
late April/early May and there might be a second occurr­
ence of about equal importance in June/July if conditions 
are favourable. Stephanodiscus "Type S.6" similarly has 
two population peaks, the second, possibly potentially 
the greater in those years when conditions in July are 
favourable. This July peak for "Type S.6" occurs slightly 
later than that for "Type S.4" and "Type S.5". Stephano­
discus "Type S.7" has only one population peak, in April/ 
May, and Stephanodiscus "Type S.8" also has only one, in 
May, which tends to be slightly later than the spring peak 
for the "types" already mentioned, Stephanodiscus "Type 
S. 9" has one short burst of growth in the second half of 
April.
Thus an investigation of the seasonal periodicity of 
some of the "types" which can be distinguished visibly by 
light microscopy suggests that these "types", whether or 
not they represent different taxa, are at least physio­
logically distinct.
It appears that population maxima for centric diatoms 
arise quite consistently at the same time each year, and 
that this applies both to the total numbers and also to 
the various "types" considered separately. Changes in 
environmental conditions from year to year can affect the 
heights of the peaks produced, or prevent their development 
altogether, but apparently do not make a substantial
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difference to the times at which they appear. It may be 
suggested that the timing of the population peaks is in 
some way related, directly or indirectly, to changes in 
day length through the year, as this is one factor which 
does remain constant from year to year*
It has already been shown, p.213, that water 
temperature appears to be a factor having some influence 
on the number of centric diatoms in the river. A well 
developed second peak in June/July was only produced in 
1979 when the temperature remained consistently high at 
that time, and it was in 1979 that the highest numbers 
of Stephanodiscus "Type S.6", Cyclotella meneghiniana 
KÜtz. and Cyclostephanos dubius (Fricke) Round were 
produced, suggesting that these require a consistently 
high temperature when their growth peaks are timed to 
occur. The lack of centric diatoms, especially the above 
mentioned "types" after the initial spring peak in 1980 
can probably be accounted for by the low water temperature 
in June and July of that year. It is not possible to 
account for the two peaks of Stephanodiscus "Type S.4" 
and "Type S.5" observed in 1979. If conditions were 
suitable in both April/May and June/July it is not 
immediately apparent why numbers should have fallen off 
in late May/early June. To some extent the same problem 
applies to Stephanodiscus "Type S.6" though this only 
produced a small peak in April/May. There was a small 
fall in temperature towards the end of May, but even so
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temperatures remained above those of late April so this 
does not seem a likely explanation. Silica levels seem 
unlikely to have been limiting, although as figures are 
only available at approximately monthly intervals for 
that period it is possible that silica levels fell lower 
than the recorded figures indicate.
It seems probable that those diatom "types" which 
have population peaks occurring only at the earlier time 
of year, i.e. April/May, have a lower temperature optimum 
than those which produce high numbers in June/July.
There seems at present no clear explanation of the 
height of the spring peak in 1980 when higher numbers were 
produced than at any time in either 1979 or 1981. In 1981 
the water temperature fell below lO^C in late April and 
this may have caused a reduction in diatom growth at that 
time, but there appears to have been little difference in 
temperature in late April between 1979 and 1980. However, 
in 1980 no samples were collected during early April and 
it is possible that water temperatures at that time rose 
above those recorded. The daily air temperature records 
for Kew published by the Meteorological Office suggest 
that this is likely as the air temperatures for early 
April 1980 were higher than those for the same period in 
1979. If this were so it could account for an earlier 
build-up of cell numbers that year.
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All the diatom "types" favouring the early growth 
peak did best in 1980. This was especially true of 
Stephanodiscus "Type S.9" which was apparently absent in 
1979 and present in only very small numbers in 1981. 
Stephanodiscus "Type S.8" also produced its highest 
numbers in 1980, the peak for this "type" developing 
after those for the other "types" in the spring peak. 
Interestingly this "type" appears to have undergone 
exponential growth at the time when the silica concentra­
tion was at its lowest. Possibly the limiting silica 
concentration for this rather weakly silicified "type" 
is lower than that calculated by Swale (1963) for 
Stephanodiscus hantzschii.
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Chapter 5
General Discussion
This investigation has been concerned with the 
taxonomy and ecology of discoidal celled centric diatoms 
in the River Thames. The value of an approach to taxon­
omy based on the correlation of observations using light 
microscopy, stereoscan electron microscopy and trans­
mission electron microscopy has been demonstrated. The 
findings obtained by this method have indicated that the 
separation of small centric diatoms into "types" visibly 
different by light microscopy is a valid basis for 
investigation of the ecology of these diatoms. A key is 
being prepared to facilitate the recognition of these 
"types". Comparison of changes in frequency of these 
different "types" in the river over a period of three 
years suggests that these "types", whether or not they 
represent different taxa, are at least physiologically 
distinct.
Diatoms form most of the phytoplankton in the river 
and, as has been shown in Table 4.1, p.195, the discoidal 
celled centric diatoms form the major component, although 
pennate diatoms belonging to such genera as Diatoma, 
Synedra, Cocconeis, Navicula, Nitzschia and Surirella are 
also present.
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Butcher (1932) discussed the various sources of 
river plankton and concluded that "in streams and small 
rivers where there is sufficient light penetrating to 
the river-bed, a great many organisms in the potamo- 
plankton are derived from the algal communities of the 
bottom". He considered that such pennate diatoms as 
Synedra ulva, Cymbella ventricosa, Diatoma spp. and 
Navicula spp. found in the plankton have been derived 
from the river bottom community. At some sites on the 
R. Tees Butcher found a plankton community in which 
Cyclotella meneghiniana was the dominant form, about 
which he said "This community does not show the definite 
relationship to the sessile growths that the other 
communities do and therefore may be due to influences 
other than the river-bed". Butcher referred to the work 
of Fritsch (1903) on the R. Thames, commenting on the 
greater depth and more turbid character of the water in 
comparison with the Rivers Tees, Lark and Wharfe, which 
result in a comparatively smaller area where sessile 
algae can grow. He considered that the plankton of the 
Thames suggested derivation partly from the river-bed, 
partly from the littoral zone and partly from back-waters 
and pools. He also commented that the Cyclotella 
community of the Tees seemed to have its counterpart in 
the Thames in what he referred to as Stephanodiscus 
hantzschianus o
It has already been indicated, p.198,that the number
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of cells ml  ^of Melosira varians Ag. in the plankton 
probably increases in periods of high rainfall, as would 
be expected of a species derived from the river-bottom 
or one mainly living attached to stones or vegetation.
Moss (1981) found frustules of Melosira spp. to be common 
in the River Wey and M. varians Ag. often the dominant 
organisms in the brown flowing streamers attached to tree 
roots and other vegetation along the river bank. Thus it 
can be assumed that M. varians found in the river plankton 
has been derived from this sourceo
Swale (1964 and 1969) discussed Butcher's conclusions 
regarding the source of phytoplankton in rivers. With 
reference to the R. Lee, Hertfordshire, she stated (1964) 
"There seems little doubt that most of the algae in the 
Lee are not strictly planktonic and that Butcher's 
'intimate connection between the bottom and free-floating 
flora' holds good in fairly shallow rivers where light 
penetrates to the bottom. Nevertheless, slow flowing 
rivers such as the Lee and the Thames seem able to support 
some truly planktonic forms as do the larger continental 
ones". Later, with reference to Stephanodiscus hantzschii, 
she stated "Since big populations of Stephanodiscus occur 
after periods of fine weather and subsequent slow flow, it 
seems that it can divide while in suspension, a character­
istic of a truly planktonic organism". She also mentioned 
a laboratory investigation in which So hantzschii proved 
to be very sensitive to the slightest water movements.
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which would probably serve to keep the cells in suspension 
in the natural conditions of the river. Moss (1981) found 
that in the R. Wey numbers of S. hantzschii increased at 
sampling stations downstream from the shallow lake from 
which this species apparently entered the river. This 
presumably indicates that cell division had occurred in 
the river, and thus agrees with Swale's finding quoted 
above.
Moss (1981) suggested that the spatial distribution 
of diatom frustules in the River Wey could be represented 
by four categories: A) large benthic forms, B) inoculated
into the river but unable to grow, C) continuous increase 
in numbers along the whole length of the river, and D) 
inoculated into the river and able to continue active 
growth. There is no evidence concerning the source from 
which the "types" of Stephanodiscus, Cyclotella and Cyclo- 
Stephanos described in the present inv estigation enter 
the Thames, but with the exception of the comparatively 
large Stephanodiscus "Type S.l" and the smaller "Type S.2" 
and "Type S.3" all of which are present in the river only 
in small numbers, if at all, they apparently undergo 
division in the river and are therefore presumably truly 
planktonic, falling into either C) or D) of the categories 
given by Moss.
Haffner (1977) stated that populations of Stephano- 
discus astraea are frequent in Thames Valley reservoirs.
253
and the species to which he referred can probably be 
equated with the Stephanodiscus "Type S.l" of the present 
investigation. This "type" is infrequent in the river, 
and those frustules which have been observed may be 
assumed to have entered the river from the reservoirs. 
This "type" presumably cannot increase in numbers in the 
river i.e. falls into category B) above. There is no 
ev idence available to suggest that Stephanodiscus 
"Type S.2" is more common in the reservoirs than in the 
river, and while Stephanodiscus "Type S.3" has been 
described from a sample from Wraysbury Reservoir, the 
difficulty in separating this from small cells of Cyclo- 
stephanos dubius with any certainty by light microscopy, 
makes it impossible to tell whether or not "Type S.3" 
divides in the rivero
One possible explanation for the failure of Stephano­
discus "Type S.l" to increase in numbers in the river may 
be related to the larger size of its cells compared with 
most of the other "types" here described. Larger cells 
can be expected to have a greater sinking rate than 
smaller cells of the same shape as they have a smaller 
surface-area: volume ratio and hence less frictional drag 
with the water. Haffner, who quotes Reynolds (1973) as 
having found very high sinking rates for S. astraea as 
compared with Asterionella formosa or Fragillaria, 
suggests that the timing of growths of S. astraea in 
Wraysbury Reservoir is dependent to a large extent on
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interaction of turbulence and sinking rates. Swale's 
investigation into the sinking rate of S. hantzschii is 
referred to above, and it seems probable that the small- 
celled species of Stephanodiscus, Cyclotella and Cyclo- 
stephanos are able to remain in suspension in the river. 
The larger celled species such as Stephanodiscus "Type 
S.l" and Coscinodiscus rothii (Ehr.) Grun. may sink more 
quickly to the bottom of the river, or possibly the flow 
and turbulence in the river may increase the sinking rate 
of these larger "types" by altering the orientation of 
the cells relative to the force of gravity, (Lund 1965). 
These larger celled types are probably less easily 
resuspended by water movements than the smaller celled 
"types" and may be more easily trapped in the benthos.
It may be that the greater depth of water in the reser­
voirs enables the "types" with larger cells to remain in 
suspension longer than is possible in the river. Possibly 
Melosira granulata (Ehr.) Ralfs is affected in a similar 
way by water movements, as this is also found in the R. 
Thames only occasionally, although it occurs in larger 
numbers in Wraysbury Reservoir. The origin of cells of 
Melosira varians Ag. in the river has been discussed above,
It may be concluded that the smaller discoidal celled 
centric diatoms are genuinely planktonic in the River 
Thames, but the reasons why some of these, notably 
Stephanodiscus "Type S.2" and "Type S.3", are relatively 
uncommon have not been elucidated.
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Summary
Taxonomic aspects of this investigation have been 
based on the correlation of observations using light 
microscopy, stereoscan electron microscopy and trans­
mission electron microscopy. The value of this approach, 
which enables comparisons and correlations to be made 
with a variety of illustrations and descriptions in the 
literature, has been demonstrated.
The findings obtained in the taxonomic part of the 
investigation have shown that the separation of small 
centric diatoms into "types" visibly different by light 
microscopy forms a valid basis for the study of the 
ecology of these diatoms.
The ecological part of this 'investigation has 
involved the comparison of the changes in frequency of 
the different diatom "types" present in the river over a 
period of three years. The findings indicate that these 
"types" are at least physiologically disinct, whether or 
not they represent different taxa. Most of the "types" 
investigated appear to be truly planktonic in the river.
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APPENDIX 1
Comparison of Triplicate Samples
On two occasions, 25/6/80 and 1/7/80, three separate 
one litre samples were collected and the concentrations 
of diatoms in them compared.
On the first occasion ^  for the six haemocyto-
metercounts (two for each sample) was 3.39 (p 0.5 with
^  2
five degrees of freedom) and on the second occasion 
= 5.41 (p ^  0.2). This shows that there is no reason to 
assume any significant difference between the three samples 
on each occasion, and confirms that one sample can be 
regarded as representative.
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APPENDIX 2
Numbers of Centric Diatom Cells ml~^
Calculation of cell density in original sample from haemo- 
cytometer counts
Volume of ruled portion of haemocytometer 0.1 mm^
Number of cells counted in this volume = X
4 -1• . 10 %  cells ml in sample counted.
Original sample from river concentrated to 5 ml
4. . original sample contained 5 x 10 X cells in 
total.
, . original sample from river contained
 ^ = 5 0 X _  cell ml-1
lO^n n
Where n = number of litres in sample collected.
The haemocytometer counts and their 95% confidence
limits ( X - 1.96 [- to DC + 1.96 f-^ — ) for
'J n V n
discoidal celled centric diatoms are given in the following 
tables, &2.1, A2.2 and A2.3, together with the cell
numbers ml calculated from them.
As explained in the text, page 18 , where the number of 
cells present was low so that nX ^  30 approximate 95%
confidence limits have been obtained from Fig. 2 in Lund, 
Kipling and Le Cren (19 58).
Tables A2.4, A2.5 and A2.6 give haemocytometer counts
264
and calculated cell numbers for Melosira varians. 95% 
confidence limits have not been calculated for this 
species. For reasons given on page 18 the numbers of 
cells of this species can only be regarded as approxima­
tions of the populations of this diatom in the river.
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Table A 2.4 ~1 *Melosira varians cells ml 1979
Date
Haemocyto­
meter counts Average cells ml
14/2 3 2 2.5 31
21/2 1 0 0.5 6
1/3 2 0 1.0 12
7/3 2 0 1.0 12
14/3 2 0 1.0 12
21/3 1 4 2.5 31
29/3 2 8 5.0 62
5/4 3 4 3.5 44
12/4 3 2 2.5 31
23/4 0 0 0 0
30/4 2 0 1.0 12
8/5 3 0 1.5 19
14/5 16 23 19.5 244
23/5 3 27 15.0 188
30/5 8 17 12.5 156
11/6 2 3 2.5 31
20/6 3 3 3.0 37
27/6 11 2 6.5 81
* For discussion of limitations of method 
used, see p.18.
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APPENDIX 3
Supplier's instructions for use of Naphrax 
Naphrax High Resolution Diatom Mountants
This is a mountant which makes it possible to resolve 
details of diatom structure, better than many other 
diatom mountants.
It is a synthetic resin dissolved in Toluene and the best 
resolution is obtained if all the solvent is driven off the 
mountant. This is best done over a flame, rather than 
heating the mounts in an oven.
A drop of alcohol containing the cleaned diatoms is dropped 
onto a coverglass, so that the diatoms spread evenly, and 
when the alcohol has evaporated the coverglass is heated, 
diatoms upwards over a low bunsen or spirit lamp, so that 
the diatoms are incinerated onto the coverglass.
The diatoms can then be mounted in Naphrax in either of the 
following ways.
METHOD ONE.
A very small drop of Naphrax is then placed centrally on a 
microslide, us'ng a glass rod, and the coverglass is lowered, 
strew downwards, onto the Naphrax.
The slide is then warmed o v e r  the low flame, until the 
Naphrax bubbles* and it must not be allowed to bubble for 
l o n g e r  than three seconds. It may be necessary to touch the 
top of the coverglass with the points of a pair of forceps to 
prevent the coverglass moving.
The slide is then placed on a piece of glass or metal so that 
it cools rapidly, when it will be fully dried and hardened, 
and can be examined immediately.
METHOD TWO.
A small drop of Naphrax is placed centrally on a microslide 
and warmed over a low bunsen or spirit lamp flame, until it 
bubbles, the cover is then passed through the flame and 
placed on the molten Naphrax. A series of bubbles are 
immediately produced, which as the microslide cools, are 
reabsorbed into the mountant.
The dried mount may be ringed with either of the following 
cements, both of which have alcohol as a solvent.
N.B.S. Bioseal Two which gives a brown ring.
N.B.S. Shellac Ringing Cement which gives a dark purple 
ring.
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APPENDIX 4
Cell Measurements
Measurements have been given in the form 
of mean ±  standard deviation for the popu- 
lation, DC i where (f ■= j
together with the 95% confidence limits, X — \'%6 
to X  +1.96(Xfi.e. the range within which 
95% of the popu lation would be expected to 
fall. (Bailey, 1959)
APPENDIX 5
Sources of Materials 
Materials used in microscopy were obtained
from:
Agar Aids Ltd., Emscope Laboratories Ltd., 
Polaron Equipment Ltd. and Northern 
Biological Supplies Ltd.
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Meteorological Data
APPENDIX 6
Table A6.1 Water Temperatures
1979 1980 1981
Date Temp. C Date Temp. C Date Temp c C
7/2 3.5
14/2 4.0
21/2 4.0
1/3 4.5
7/3 7.0 5/3 6.0
14/3 7.0 16/3 9.0
21/3 7.0
29/3 7.0 28/3 9.0 26/3 11.0
5/4 9cO 3/4 9.5
12/4 10.0 8/4 11.0
23/4 11.5 21/4 11.5
30/4 11.0 1/5 11.5 27/4 8.0
8/5 11.5 11/5 13.0
14/5 15.5 12/5 15.0 16/5 14.0
23/5 14.0 19/5 18.0 27/5 13.0
30/5 14.5 30/5 14.5 1/6 11.0
11/6 15.0 5/6 19.0 8/6 16.0
20/6 18.0 13/6 18.5 15/6 19.0
27/6 18.5 25/6 16.0 26/6 16.0
6/7 19.5 1/7 16.0 10/7 20.0
12/7 21.0 15/7 11.0 17/7 19.0
18/7 20.5 31/7 19.5 24/7 17.0
10/8 18.0 18/8 19.0 31/7 20.0
5/9 17.5
12/9 18.0 23/9 17.0
24/9 15.0 6/10 14.0
15/10 14.5 15/10 10.0
275
Table A6.2 Total monthly rainfall (mm) at Kew from data 
published by The Meteorological Office
1979 1980 1981
January 61 32 31
February 46 37 11
March 90 65 92
April 79 17 25
May 101 30 76
June 43 103 37
July 17 73 60
August 33 47 58
September 18 25 89
October 68 102 81
November 55 27 37
December unknown 34 unknown
Table A6.3 Total monthly sunshine (hours) from data 
published by The Meteorological Office
1979
(Kew)
1980
(Kew)
1981
(Kew)
1981
Heathrow
January 56 70 62
February 52 50 72
March 98 85 57
April 118 155 130
May 222 227 112
June 144 205 144 152
July 187 175 133 149
August 182 176 213 218
September 187 154 144 151
October 135 130 110 110
November 63 68 51 55
December 66 42 47
276
APPENDIX 7
Rate of flow of River Thames, and total numbers of 
discoidal centric diatom cells expressed as cells sec
Table A7.1 1979
-1
1979 River flow rate*
Date
Thousands 
m^ day 3 -1 m sec cells 3per m cells — 1sec
7/2 1426 16.5 4 X 10*7 6.6 X 10®
14/2 1890 21.9 9 X 10^ 2.0 X 10^
21/2 845 9.8 2.8 X 10® 3.0 X 10%
1/3 802 9.3 5.5 X 10® 5.0 X 10^
14/3 1869 21.6 5.69 X 10® 1.2 X lolo
21/3 1994 23.1 2.5 X 10® 6.0 X 10^
29/3 2455 28.4 1.3 X 10® 4.0 X 10^
5/4 16554 191.6 7.5 X 10® 1,49 X 10^1
12/4 17189 198.9 8.37 X 10® 1.66 X 10^1
23/4 9358 108.3 3.7 X 10^ 4.01 X 10^^
30/4 8567 99.1 3.062 X 10^ 3.03 X 10^1
8/5 5979 69.2 2.244 X 10^ 1.55 X 10^^
14/5 7775 90.0 7.469 X 10^ 6.72 X 10^1
23/5 13048 151.0 6.65 X 10^ 1.004 X lolZ
30/5 16907 195.7 9.5 X 10® 1.86 X 10^1
11/6 6983 80.8 1.306 X 10^ 1.05 X lo^i
20/6 5344 61.8 7.7 X 10^ 4.76 X lO^l
27/6 4725 54.7 1.4937 X IQlO 8.17 X 10^1
6/7 2611 30.2 1.9437 X 10^0 5.87 X 10^^
12/7 2027 23.5 2.3812 X lolo 5.59 X 10^1
18/7 1509 17.5 1.078 X 10^ 1.89 X 10^^
10/8 3203 37.1 5.875 X 10^ 2.18 X lO^l
5/9 667 7.7 3.75 X 10® 3.0 X 10^
12/9 737 8.5 4.25 X 10® 4.0 X 10^
24/9 1451 16.8 2.68 X 10® 4.0 X 10^
15/10 1061 12.3 3.7 X 10^ 4.5 X 10®
* Rate of flow of river in thousands of cubic metres per 
day from data published by the Thames Water Authority
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Table A7.2 1980
1980 River flow rate
Date
Thousands 
m® day ^ m® sec ^ cells 3per m cells -1sec
28/3 12460 144.2 2.275 X 10^ 3.21 X loll
21/4 5094 58.9 2.60 X 10^° 1.531 X 10l2
1/5 4344 50.3 2.3107 X 10^° 1.162 X ioi2
12/5 2606 30.2 2.7656 X 10^° 8.35 X loii
19/5 2137 24.7 2.2656 X IQlO 5.6 X loii
30/5 1703 19.7 1.9056 X lolo 3.75 X loii
5/6 1062 12.3 1.6375 X loio 2.01 X loii
13/6 1864 21.6 1.125 X 10^ 2.4 X loio
25/6 3134 36.3 1.25 X lo^ 4.5 X loio
1/7 2633 30.5 7.75 X 10® 2.4 X loio
15/7 2619 30.3 5.86 X 10® 1.8 X loio
31/7 1453 16.8 2.62 X 10® 4.0 X 10®
18/8 4170 48.3 3.37 X 10® 1.6 X lolo
23/9 4365 50.5 4.37 X 10® 2.2 X 10^0
6/10 1604 18.6 1.62 X 10® 3.0 X 10®
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Table A7.3 1981
1981 Flow rate of river
Date
Thousands 
m® day*”^
3 —1 m sec cells 3per m cells sec-1
5/3 13926 161 1.5 X 10® 2.415 X lolo
16/3 20429 236 1.75 X 10® 4.13 X lolo
26/3 16952 196 2.13 X 10® 4.175 X loio
3/4 15368 178 2.13 X 10® 3.791 X loio
8/4 8341 96 3.5 X 10® 3.36 X loio
27/4 15170 176 4.913 X 10^ 8.6469 X
11/5 6486 75 4.288 X 10^ 3.216 X
18/5 6906 80 9.2 X 10^ 7.36 X
27/5 21482 249 4.87 X 10® 1.2126 X
1/6 7903 91 5.75 X 10® 5.2325 X IQlO
8/6 7663 89 5.87 X 10® 5.2243 X lolo
15/6 4477 52 5.037 X 10^ 2.6192 X
26/6 2423 28 9.6 X 10^ 2.688 X
10/7 1666 19 5.408 X 10^ 1.0275 X
17/7 1252 14 4.237 X 10^ 5.9318 X
24/7 2624 30 6.375 X 10^ 1.9125 X
31/7 1504 17 8.7 X 10^ 1.479 X 10®
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